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The Mid Main Carbonate sequence, which covers approximately 700 km2 in the 
Seribu Shelf area of the Northwest Java Basin, is a limestone petroleum reservoir rock 
of Middle Miocene age. It comprises numerous reef build-ups which, in general, trend 
north-south. In the northwestern part of the Seribu Shelf the carbonate build-ups may 
have formed fringing reefs since a northern source area supplied clastic detritus, 
especially during a probable low stand of sea level in the middle and at the end of 
carbonate deposition (probably at 12.5 ma and 10.5 Ma, respectively).
Five limestone facies have been distinguished petrographically: Coral Limestone 
Facies, Coral Foraminiferal Limestone Facies, Algal Coral Foraminiferal Limestone 
Facies, Algal Foraminiferal Limestone Facies and Foraminiferal Limestone Facies. The 
first three facies consist of grainstone and packstone deposited under high energy 
conditions on a shallow marine reef whereas the last two facies are characterized by the 
presence of lower energy wackestone deposits. Thus the Coral Limestone Facies 
represents deposition on a back-reef flat, the Coral Foraminiferal and Algal Coral 
Limestone Facies represent moderate energy deposition in back-reef calcarenite zones 
and the Algal Foraminiferal and Foraminiferal Limestone Facies represent deposition in 
low energy lagoonal environments. The reef crest (the cleanest reef zone) has not been 
intersected by the exploration wells but would be situated along the outer margin of the 
reef and could have a better reservoir quality for oil accumulation.
The main diagenetic processes which have affected the Mid Main Carbonate are 
early diagenetic marine and vadose cementation, followed by later diagenetic dissolution 
and cementation. The latter processes have had the greatest affect on the porosity and 
permeability of the sequence. Very small (<1 ^m) intercrystalline pores in the matrix 
are present in all samples. Larger pores (>10 |Lim) have a more restricted distribution 
and are mainly present as secondary vugular or fracture porosity, with only minor 
mouldic and channel pores. The presence of significant porosity in the Foraminiferal 
and Algal Foraminiferal Limestone Facies (23% and 19% respectively) is a function of
secondary dissolution, probably followed by oil migration which reduced further 
cementation. In some of the coarser grainstone and packstone facies effective porosity 
has been reduced considerably by cementation which has filled many pores and blocked 
the pore throats (e.g. 14% porosity and very low permeability in the Coral Limestone 
Facies). The quantity, type and geometrical arrangement of the larger pores is positively 
related to the hydrocarbon recovery efficiency but is negatively related to the threshold 
pressure and irreducible water saturation. The permeability is strongly related to the 
size of the interconnected pores and the degree of pore throat sorting. Good quality 
reservoirs in the Mid Main Carbonate have a recovery efficiency of more than 10%.
The Talang Akar shale in the study area contains dispersed organic matter, derived 
from higher plants of terrestrial origin, with vitrinite as the dominant maceral. 
Palaeothermal modelling indicates an early phase of coalification with palaeotemperatures 
in the basin being higher than present temperatures. However, the mean maximum 
vitrinite reflectance ranges from only 0.28% to 0.48% and the sequence represents a late 
immature phase of oil generation as shown by the minor presence of bitumen and oil 
associated with the organic macerals. Oil produced by pyrolysis from shale samples is 
waxy and paraffinic with a high pristane to phytane ratio. While the Talang Akar 
Formation has a low hydrocarbon generation potential in the study area, it probably 
acted as a significant source of hydrocarbons in the adjacent deeper sub-basins.
Oil from the Mid Main Carbonate reservoir is characterized by the presence of 
bicadinane resins, oleanane and a high pristane/phytane ratio indicating a land-plant 
precursor of .tropical affinity. In addition, the aromatic geochemical indicators show that 
the Mid Main Carbonate oil is mature and formed within the main phase of oil 
generation (equivalent to a vitrinite refelectance of 0.74-0.78%). Thus although the 
geochemistry of the oil and the extracts from the Talang Akar Formation are very 
similar, the oil must have migrated into the carbonate reservoirs from a deeper more 
mature source in the Aijuna or Ciputat Sub-basins.
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The Mid Main Carbonate occurs in part of the Atlantic Richfield Indonesia Inc. 
(ARII) contract area in the Northwest Java Basin. The area in which the Mid Main 
Carbonate is developed was named the Seribu Shelf Mid Main (or M-MM) 
Carbonate Area by ARE. The area lies in the western Java Sea, in the southernmost 
part of the Seribu Platform, and covers approximately 700 km2, with an east-west 
length of 35 km and a width of 20 km. It is situated between latitude 5° 45’S and 
6° 00’S and longitude 107° 00’E and 107° 20’E (Fig. 1.1).
Mid Main Carbonate reservoirs are restricted entirely to the Rengasdengklok 
High and Seribu Shelf areas (see Fig. 2.3) and occur as isolated carbonate build-ups. 
These carbonate rocks do not crop out at the surface and have only been intersected 
in oil exploration wells.
1.2 PHYSIOGRAPHY
Physiographically the study area forms part of the lowland plain of Jakarta 
which is about 40 km wide, extending from Serang and Rangkasbitung in the west to 
Cirebon in the east. The lowland plain consists largely of alluvial river deposits and 
mud flows from the volcanoes in the hinterland (van Bemmelen, 1949). To the 




In the 1920’s to 1940’s part of the Java Sea region was surveyed by the 
Geological Survey of the Netherlands East Indies. These expeditions advanced the 
former survey carried out by Earle (1845) who had reported that the Sunda Shelf is 
a flat sea floor surrounded by deep ocean basins. Molengraaff (1921) and Brouwer 
(1925) added information concerning the origin of the Sunda Shelf. The first gravity 
data from Java Sea was published by Vening Meinesz (1948). All the available 
survey data from the entire area were then compiled comprehensively by Van 
Bemmelen (1949) and published as "The Geology of Indonesia". Since then only a 
small amount of regional data has been added.
In the late 1960’s Pertamina (Indonesian national oil company) resumed 
activities in the prospective (onshore) Java Basin areas. Extensive geological 
mapping and geophysical exploration, including gravity and magnetic surveys, were 
carried out. As a result, several locations in the northwest Java area were proposed 
for petroleum exploration drilling. The first well, drilled in 1969, led to the 
discovery of the Jatibarang field. Since' then 15 structures have been tested by 
twenty three exploration wells, and out of them nine structures proved to have 
potential for oil and gas (Soulisa & Suyanto, 1979).
Information about the geology of the Northwest Java Basin has been published 
by numerous workers including Koesoemadinata (1969), Koesoemadinata & 
Pulunggono (1971), Todd & Pulunggono (1971), Cree (1972), Katili (1973, 1980), 
Nayoan (1972), Sudiro et al. (1973), Arpandi & Patmosukismo (1975), Pulunggono 
(1976), Fletcher & Soeparjadi (1976) and Suyanto & Sumantri (1977).
Geophysical information has been added by Ben-Avraham & Emery (1973). 
They provided a comprehensive picture of the structural framework of the entire 
Sunda Shelf using marine-geophysical reconnaissance data. Hamilton (1979)
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described the onshore and offshore geological and geophysical data and interpreted 
the data in terms of plate tectonics.
Geochemical techniques were first applied by Fletcher & Bay (1975) to provide 
a generalization of vertical and lateral zonation in the Northwest Java Basin and to 
delineate favourable and unfavourable areas for producible hydrocarbons. Since then 
geochemical techniques have been applied to this region by Thomson et al. (1979), 
Molina (1985), Gordon (1985), Reminton & Pranyoto (1985), Robinson (1987), 
Horsfield et al. (1988) and Pramono et al. (1990).
1.4 MID MAIN CARBONATE AND EXPLORATION HISTORY
1.4.1 Mid Main Carbonate
The name Mid Main Carbonate was first used by ARII in the early 1970’s for 
the carbonate build-ups in the Main Unit of the Upper Cibulakan Group. The term 
Mid Main Carbonate has subsequently been widely used since these rocks act as 
good petroleum reservoirs (e.g. Suyanto, 1982; Suherman & Syahbuddin, 1986; Ponto 
et al., 1987).
The Mid Main Carbonate has been interpreted as isolated carbonate build-ups 
based on the exploration well data and seismic interpretation. A map of the top of 
Mid Main Carbonate (Fig. 1.2; supplied by ARII) shows the configuration of the 
carbonate build-ups. Figure 1.3 illustrates a characteristic reef build-up from the Mid 
Main Carbonate in the MH Field. The reef expression is shown by the presence of 
a typical reflection-free pattern that is interpreted to be a porous massive reef body.
These carbonate build-ups do not crop out at the surface and have been 
intersected only in oil exploration wells. They occur as isolated build-ups that grade 
laterally into deeper marine siltstone and mudstone containing limestone stringers. 
The Mid Main Carbonate build-ups are only well developed in the Rengasdengklok
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High and Seribu Shelf areas (Fig. 1.2). A maximum build-up thickness of 104 m 
was encountered in the MQ-2 petroleum exploration well. These carbonate build­
ups are not well developed in the MM and P Fields (Fig. 1.2). In the MM Field the 
interval is represented by claystone and thin limestone lenses (Suherman & 
Syahbuddin, 1986), while in the P Field the interval consists of thin limestone lenses 
separated by clastic sequences.
Petrographic analysis reveals that the Mid Main Carbonate is composed of 
limestone with bioclastic wackestone-packstone or floatstone, and bioclastic 
packstone-grainstone or rudstone textures. Typically, the limestone is coarse-grained, 
moderately to poorly sorted and consists mainly of coral, benthonic foraminifera, red 
algae, bivalve, echinoderm and bryozoan fragments with minor amounts of quartz 
and rare authigenic clay minerals. The matrix is composed of carbonate mud and 
micrite, and both ferroan and non-ferroan calcite cements are commonly present in 
the limestone. The reef build-ups show a relatively rapid interfingering of various 
facies, including: Coral Limestone Facies, Foraminiferal Limestone Facies, Coral 
Foraminiferal Limestone Facies, as well as less abundant Algal Coral Foraminiferal 
Facies and Algal Foraminiferal Limestone Facies. Detailed descriptions and 
petrographic analyses of these facies are presented in chapter 3.
The fossil content indicates normal marine salinities. The corals, larger 
benthonic foraminifera and red algae reflect warm, clear, shallow inner neritic, high 
energy waters. The Mid Main Carbonate was thus deposited on a well-oxygenated 
carbonate shelf. Skeletal detrital material derived from these build-ups subsequently 
became spread out over a wide area forming extensive inter-reef shelf carbonates.
Analyses of the larger benthonic foraminifera indicate that the age of the upper 
part of the Mid Main Carbonate is Middle to early Late Miocene, i.e. Tfl-Tf3 age
5
using the Adams Tertiary Letter Classification based on larger benthonic 
foraminiferal assemblages.
The shape and size of all build-ups seem to be related to the tectonic 
framework, depositional history and local structural features of the basin (Burbury, 
1977). The build-ups (Figure 1.3) reach a maximum size of about 3 km wide (P 
Field, MX Field and MQ Field) and 8 km long (P Field). These build-ups are 
north-south elongated patch reefs, aligned parallel to the regional fault pattern 
(Suherman & Syahbuddin, 1986), and thus may be related to local highs caused by 
penecontemporaneous faults. Alternatively, growth of the reefs may be similar to the 
modem patch reefs around the Seribu Islands, studied by Scrutton (1976), where the 
pattern was probably influenced by a north-south current direction.
1.4.2 Exploration history
The Mid Main Carbonate was not considered to be a petroleum reservoir rock 
until 1978 when the first discovery of oil trapped in the Mid Main Carbonate was 
intersected by the MZ-1 well. Since then the Mid Main Carbonate, which is locally 
developed in the offshore Rengasdengklok High area, has been an important reservoir 
objective for exploration drilling. Following the petroleum discovery in the MZ-1 
well, oil from the Mid Main Carbonate reservoir was found in the MX-1 well, MY- 
1 well and MQ-1 well one year later, and in the MB-1 well in 1982.
More than 20,000 barrels of oil per day (BOPD) and in excess of 13 million 
cubic feet of gas per day (MMCFGPD) are being produced from within Mid Main 
Carbonate reservoirs. Up to the present, over 106 MBO have been produced from 
these carbonate build-ups in the MB, MM, MQ, MR, MX, MY, MZ and P Fields. 
The estimated total reserves of recoverable oil in the Mid Main Carbonate reservoirs 
are in excess of 127 MBO (Tedja, J.H., pers. comm., 1991).
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1.5 AIMS OF THE STUDY
The major aim of this study is to investigate the nature and reservoir 
characteristics of the Mid Main Carbonate sequence since it forms an important 
petroleum reservoir rock in the Northwest Java Basin. A subsidiary objective was to 
assess the source rock potential of the underlying Talang Akar Formation, which is 
believed to be the most favourable hydrocarbon source rock in the Northwest Java 
Basin, and to provide a preliminary comparison of the organic geochemistry of the 
Talang Akar Formation and three oil samples from the Mid Main Carbonate. The 
aims of the thesis are summarized in the following points:
A. Controls on reservoir quality -
(i) assessment of facies characteristics of the Mid Main Carbonate based on 
well log descriptions and petrographic analysis;
(ii) determination of the diagenetic features and histories of the carbonate 
rocks which might affect the porosity and permeability;
(iii) determination of the type and/or magnitude of the porosity and 
permeability in the carbonate sequence;
(iv) assessment of the pore characteristics as a function of the capillary 
pressure;
(v) interpretation of the recovery efficiency as a function of the reservoir 
quality;
B. Origin of the petroleum -
(vi) assessment of type, abundance and thermal maturity of organic matter in 
the underlying Talang Akar Formation as an indication of its hydrocarbon 
generation potential;
7
(vii) defining the chemistry of oils extracted from the Talang Akar Formation;
(viii) comparing the oil from the Talang Akar Formation with the oil trapped 
in Mid Main Carbonate reservoirs.
C. Potential of the Mid Main Carbonate Field -
(ix) assessment of the potential for further hydrocarbon discoveries and 





2.1 REGIONAL TECTONIC SETTING
The Indonesian Archipelago (Fig. 2.1) has been affected by the com plex  
interaction between the Eurasian Plate in the north, the Indian-Australian Plate in the 
south, and the Pacific and Philippine Plates in the east (Hutchison, 1973; Katili, 
1975; Daines, 1985; Daly et a l ,  1987).
The Eurasian Plate has undergone a clockwise rotation during the last 100 Ma 
from the Albian to the present (Irving, 1977). Morgan (1983) stated that the 
magnitude o f this rotation was about 10°.
The Indian Plate moved northward and was subducted beneath the Sundaland 
plate in western Indonesia during the Cretaceous and Tertiary periods (Hamilton, 
1979). Sclater & Fisher (1974), Johnson et al. (1976) and Wight et al. (1986) noted 
that, before the O ligocene, the Indian Plate was converging due northwards, but as 
the Indian and part o f the Australian Plate united, convergence changed to a 
northwest orientation. The mean velocity o f the movement has decreased from  
between 15 to 20 cm/year (70-50 Ma ago) to 10 cm/year (50-37 Ma ago) and finally 
to 5 cm/year from 37 Ma to the present (Daly et al., 1987). The Java Trench and 
Timor Trough represent collision zones between the Indian-Australian and Eurasian 
Plates.
The motion o f the Pacific Plate was in a north-northwest direction during Late 
Cretaceous to M iddle Eocene (70 - 42 Ma) and then changed to west-northwest from  
42 M a to the present (Daly et al ., 1987). The transform Sorong Fault delineates the 
zone o f  interaction between the Indian-Australian and Pacific Plates.
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Physiographically the Indonesian Archipelago lies between Sundaland on the 
Eurasian Plate in the north, and the Australian continental plate to the south.
2.1.1 Western Indonesia
The western Indonesian region (Fig. 2.2) comprises the Sunda Shelf area and 
its more unstable marginal zones. The region principally includes Sumatra, Java, 
most o f Kalimantan and part o f the South China Sea.
The Sunda Shelf is bordered in the western and southern parts by a volcanic 
inner arc and a non-volcanic outer arc. The volcanic inner arc is represented by 
Sumatra and Java. The non-volcanic outer arc is represented by the offshore islands 
west o f Sumatra and farther south by the submarine ridge south o f Java where 
volcanic activity is entirely absent (Koesoemadinata, 1969). The northern boundary 
consists o f the Indo-China Peninsula, Kalimantan and Sulawesi, all separated by deep 
basins that also continue east o f the shelf (Ben-Avraham & Emery, 1973).
Sumatra and Java can be subdivided into three structural segments (landward 
from south to north): the subduction zone, the magmatic or volcanic arc and the 
foreland or back-arc basin. The non-volcanic outer arc, comprising the submarine 
ridge west o f Sumatra and south o f Java, is placed in the arc-trench gap (Dickinson, 
1971).
The subduction zone, according to Katili (1973) comprises tectonically chaotic 
deposits which include ultra-mafic rocks, serpentine, gabbro and basalt dominantly o f  
abyssal tholeiite composition, and also oceanic pelagic sediments consisting o f  
lithified calcareous, siliceous and clayey oozes. This subduction zone, with 
associated volcanism, appears to have migrated farther away from the Eurasian 
continent towards the Indian Ocean during the Tertiary (Fig. 2.2). The older
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subduction zones occur closer to the continent while the younger zones are situated 
nearer to the ocean (Katili, 1973; Pulunggono, 1985). The present active subduction 
zone lies beneath the Indian Ocean, parallel to the south coast of Java.
The active magmatic zone along western Sumatra and on Java consists of 
intermediate and silicic calc-alkaline volcanic products which become systematically 
more potassic inland. Granitic batholiths are now forming beneath the volcanic belt 
(Hamilton, 1979).
The foreland basin consists of clastic and volcanogenic sedimentary sequences 
derived primarily from the volcanic arc and formed in a continental or shallow- 
marine environment (Katili, 1973). The Tertiary foreland basin sequences are the 
main oil-producing areas of West Indonesia. These Tertiary basin fills thin towards 
the continent and have been deformed by folding and thrusting durring the Neogene 
orogeny.
2.1.2 Northwest Java Basin
The Northwest Java Basin is situated in the structural low trending from near 
Jakarta in the west to Cirebon in the east (Fig. 1.1). It comprises an intermediate 
feature between the stable platform of Pulau Seribu to the north and the axis of the 
regional basin located to the south (Bogor Trough; Fig 2.3). The Northwest Java 
Basin was probably formed in response to collision between the Indian-Australian 
Plate in the south and the Sunda Plate (southeastern margin of Eurasian Plate) to the 
north during the Oligocene and very Early Miocene and continued through the 
Middle Miocene (Ben-Avraham & Emery, 1973).
Normal faults are abundant throughout the Northwest Java Basin forming a 
series o f blocks which control the distribution and shapes of the numerous sub­
basins and basement highs in the area (Fig. 2.3). Both sub-basins and highs are
3 0009 03155270 1
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covered by shelf sediments and in part by continental volcaniclastic sequences. The 
formation o f the series o f block faults, therefore, produced a sedimentary and 
structural environment very favourable for the occurrence o f hydrocarbons 
(Koesoemadinata, 1969).
Three main sub-basins have been recognized, namely (from west to east) the 
Ciputat Sub-Basin, Pasirputih Sub-Basin and Jatibarang Sub-Basin (Figs 2.3 & 2.4). 
These sub-basins formed inland between the Tangerang High in the west, the 
Rengasdengklok High in the north central part o f the basin and the Pamanukan High 
in the east (Patmosukismo & Yahya, 1974). In the offshore Northwest Java Basin, 
the Arjuna Sub-basin was formed and separated from the Pasir Putih Sub-basin to 
the south by the Pamanukan-Kandanghaur-Waled High (Fig. 2.3). The present 
basinal area was formed by continuous subsidence and southward tilting o f the Sunda 
Plate since the Early Tertiary (Suyanto, 1982).
During the Cenozoic, abundant sediments were supplied to the foreland basin 
from emergent land masses that resulted from active subduction in the zone o f the 
Indian Plate o ff Java and Sumatra (Fainstein & Pramono, 1986). The thickness o f  
the Tertiary sedimentary blanket depends on its position in the basin - it ranges from  
600 m on the platform to around 2500 m on the highs and up to 4500 m in the 
Ciputat Sub-Basin (Soulisa & Suyanto, 1979; Suyanto, 1982). Sedimentary 
sequences associated with basement uplifts, in many instances, are now yielding  
prolific petroleum production and further exploration is continuing on and around 
these highs.
The study area is situated on the Rengasdengklok High and its northward 
extension into the offshore area o f the Seribu Shelf Platform. The area is bounded 
to the east by a gentle slope dipping into the Arjuna Sub-basin and to the southwest
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by the Ciputat Sub-basin. To the southeast it is separated from the Pasir Putih Sub­
basin by the Rengasdengklok High.
2.2 STRATIGRAPHY OF THE NORTHWEST JAVA BASIN
The regional stratigraphy of the Northwest Java Basin is summarized in Figure 
2.5. The sedimentary sequence ranges in age from Eocene to Quaternary. The 
oldest sequence is the mid-Eocene to Oligocene Jatibarang Formation which 
unconformably overlies the pre-Tertiary basement. Subsequently the Jatibarang 
Formation was overlain by the Cibulakan Group, Parigi Formation and Cisubuh 
Formation. The sequence ends with coarse-grained Quaternary deposits. The 
sedimentary sequence in the Northwest Java Basin reaches a thickness of 4500 m in 
the centre of the basin.
2.2.1 Basement
The oldest rocks encountered in boreholes consist of basement metamorphic 
rocks and granite. Hamilton (1979) stated that north of western Java, low-grade 
metasedimentary rocks such as slate, phyllite, quartzite and marble are dominant 
while middle-grade metasedimentary rocks are also present. Granite is more 
abundant than granodiorite while quartz diorite and diorite occur locally. Many 
potassium-argon age determinations have been carried out on the metamorphic rocks 
(schist and gneiss) and they indicate Triassic to Early Cretaceous ages (213-125 Ma), 
while the granite intrusions are of Late Cretaceous to Eocene age (87-52 Ma; 




The Jatibarang Formation is a thick sedimentary sequence consisting mainly of 
volcanic tuff and volcaniclastic sandstone intercalated with andesitic and basaltic lava. 
In the Jatibarang Sub-Basin, however, this formation is dominated by conglomerate, 
sandstone and shale. The formation ranges in age from Eocene to Oligocene and 
ranges in thickness from zero up to 2000 m (Martodjojo, 1987).
2.2.3 Cibulakan Group
The Cibulakan Group ranges in age from Early Miocene to Late Miocene and 
is divided into the Lower and Upper Cibulakan Group.
The Lower Cibulakan Group, which includes the Talang Akar Formation in the 
lower section and the Batu Raja Formation in the upper section, unconformably 
overlies the Jatibarang Formation.
2.2.3.1 Talang Akar Formation (TAF)
The Talang Akar Formation consists mainly of carbonaceous shale, siltstone and 
sandstone. Coal streaks and lenses are present in considerable quantities as 
intercalations. Minerals such as pyrite and glauconite, and fossil fragments are found 
in the shale indicating a marine depositional environment. Numerous carbonate 
lenses occur in the marine shale, while the abundance of coal layers indicates that 
part of the formation was deposited in a deltaic environment. The age of the Talang 
Akar Formation is Late Oligocene to Early Miocene.
In general, the Talang Akar Formation can be divided into two lithological 
sequences: - the lower part, which is dominated by coarse- to very coarse-grained 
sandstone alternating with thin layers of shale and coal; and the upper part, which is 
dominated by alternations of sandstone and non-marine shale with some coal seams
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Upwards, the shale becomes more marine as indicated by the presence of glauconite 
and carbonate and the absence of coal layers. In some parts of the Northwest Java 
Basin the marine and deltaic sequences interdigitate with each other, and coal beds 
and carbonate layers are interbedded throughout the Talang Akar Formation. In 
many papers and oil company reports the Talang Akar Formation is also known as 
the Lower Cibulakan Formation.
The thickness of the Talang Akar Formation is irregular. Its distribution was 
strongly controlled by basement configuration. It is absent on some basement highs 
but thickens into the sub-basins. Around some basement highs the thickness of the 
Talang Akar Formation only reaches 40 m but it is up to 600 m (Soulisa & Suyanto, 
1979) at the basin margins, and up to 2500 m in the Sunda Basin (Ardila, 1983).
The Talang Akar Formation has been proven as a good source rock for 
hydrocarbons (Gordon, 1985; Molina, 1985; Bushnell & Temansja, 1986; Horsfield et 
al., 1988; Pramono et al., 1990; Noble et al., 1991). However, the primary source 
for all petroleum discovered to date in the Northwest Java Basin is considered to be 
the deltaic member of the Talang Akar Formation (Fletcher & Bay, 1975; Gordon, 
1985; Noble et al., 1991). Marine shales in this formation are also considered to 
contribute oils in the basin, although only in a minor amount (Noble et al., 1991; 
Rudyanto et al., 1994).
2.2.3.2 Batu Raja Formation (BRF)
The Batu Raja Formation, which conformably overlies the Talang Akar 
Formation, consists almost entirely of limestone in the form of a carbonate platform 
or bank which in some areas is capped by reef build-ups (Arpandi & Patmosukismo, 
1975). The limestone is mostly dense but sometimes chalky. Dolomite may be 
locally developed, and glauconitic as well as argillaceous material was deposited in
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the lower part of this unit. The thickness of the Batu Raja Formation reaches a 
maximum of 640 m (Arpandi & Patmosukismo, 1975) and the age is interpreted as 
Early Miocene. The abundance of large foraminifers suggests that the formation was 
deposited in clear warm shallow marine water. The Batu Raja Formation is 
conformably overlain by the Upper Cibulakan Group.
2.2.3.3 Upper Cibulakan Group
The Upper Cibulakan Group consists of claystone and siltstone interbedded with 
glauconitic sandstone. Sandstone is the dominant lithology in the lower and middle 
part of the section. Reefal limestone is locally present in the middle of the section. 
Towards the top, interbedded limestone, dolomite, sandstone and siltstone become 
common. The Mid Main Carbonate sequence occurs near the top of this group and 
is considered in more detail in Section 2.3.
The thickness of the Upper Cibulakan Group varies from zero at edges of the 
platform to more than 1600 m in the deeper part of the basin (Arpandi & 
Patmosukismo, 1975). ,
The Upper Cibulakan Group was deposited in the Early to Middle Miocene in 
a marine shelf environment and it is conformably overlain by the Parigi Formation.
2.2.4 Parigi Formation
The Parigi Formation consists primarily of porous fossiliferous limestone with a 
slight amount of dolomitic and sandy limestone. The limestone is rich in corals, 
algae and bryozoans and usually occurs as biostromal or biohermal facies with 
predominantly good porosity and permeability. The thickness of the Parigi limestone 
varies from 27 m to approximately 450 m (Arpandi & Patmosukismo, 1975). The 
Parigi Formation was deposited during the latest Middle Miocene to early Late
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Miocene in the clear, quiet, warm water of a shallow marine middle neritic 
environment.
2.2.5 Cisubuh Formation
The uppermost sedimentary sequence in the Northwest Java Basin is the 
Cisubuh Formation which consists mostly of poorly consolidated marine claystone 
with very thin siltstone and sandstone interbeds. It contains a large amount of 
glauconite and lignitic plant remains. Upwards the formation becomes more sandy 
with some coal beds. The age of the Cisubuh Formation is latest Late Miocene to 
Plio-Pleistocene. This formation was initially deposited in a shallow inner neritic 
environment that graded up into littoral and paralic environments in the upper part of 
the formation.
The sequence ends with coarse-grained Quaternary deposits consisting of gravel, 
sand and clay which unconformably lie upon the Cisubuh Formation.
2.3 STRATIGRAPHY OF THE STUDY AREA
In the offshore area, the Upper Cibulakan Group is divided into three informal 
units: Massive, Main and Post Main Units (Fig. 2.6). These three units were 
deposited in the Mid Main Carbonate Area (Fig. 1.2) during the Early to Middle 
Miocene. The lowest section of Upper Cibulakan (Massive Unit) conformably 
overlies the Batu Raja Formation. The Massive and Main Units consist of stacked 
sandstone intercalated with silty sandstone, shale and thin limestone beds. The 
thickness of these units ranges from less than 120 m to more than 1500 m (Ponto et 
al., 1987). The Mid Main Carbonate, which was deposited as reef build-ups, became 
well developed within the Main Unit during the Middle Miocene. The Post Main 
Unit, with a thickness of about 198 m, is represented by the Pre-Parigi Limestone
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and a claystone sequence separating the Parigi Formation from the Upper Cibulakan 
Group.
2.4 SEDIMENTATION HISTORY
The depositional patterns for the Tertiary sequence in the Northwest Java Basin 
have been described by Suyanto & Sumantri (1977) and Arpandi & Patmosukismo 
(1975).
According to Suyanto & Sumantri (1977) during the Middle Eocene to Middle 
Oligocene the basin was a landmass and underwent severe tectonic deformation. 
This deformation was a result of tectonism associated with the collision between the 
Eurasian Plate in the north and the Indian-Australian Plate to the south. Numerous 
normal faults formed and dissected the region into blocks of alternating horsts 
(highs) and grabens. From a number of vents in the area between Cirebon and 
Indramayu volcanic material, known as the Jatibarang Formation, was deposited on 
the down-thrown blocks. The Jatibarang Formation is composed mainly of tuff 
mixed in some places with terrigenous clastic sediment. The tuff beds now act as 
productive petroleum reservoirs in the onshore Jatibarang Field. The irregular 
sinking of the grabens (due to growth faults) caused a great variation in thickness of 
the sedimentary sequences.
In the Early Miocene the first transgression took place with the sea 
progressively advancing from the southeast to the north. The first sediments
deposited on the pre-Tertiary erosion surface were fine sand, shale and coal 
(equivalent to the Talang Akar Formation). The source of the quartz was probably 
from the Seribu Islands High whose basement is granite. The shale, which is dark 
in colour, is associated with coal and was deposited in a reducing paralic
environment.
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At the end of the Early Miocene the whole area became a stable marine 
platform. The Batu Raja limestone was deposited over a wide region extending from 
South Sumatra to the Java Sea. Lithological and palaeontological characteristics 
indicate that the Batu Raja limestone was deposited in a quiet, shallow marine 
environment in the form of bioherms and biostromes.
In the Middle Miocene, following the carbonate deposition, the sea continued 
advancing to the west and covered the Tangerang High. This new transgression was
accompanied by tectonic activity, marked by a rapid subsidence of the Ciputat,
Arjuna and Pasirputih Sub-Basins. On the Rengasdengklok high a deltaic
environment predominated and lignitic interbeds, as well as carbonate lenses and 
reefs, were deposited.
At the end of the Middle Miocene the whole area again became a stable 
regional platform. The Parigi Limestone was deposited in the form of biostromes 
and in many places as bioherms in a shallow clear warm sea.
During Late Miocene-Pliocene the water depths increased markedly causing the 
termination of carbonate deposition. , Thick fine clastic sediments (Cisubuh 
Formation) were deposited. The source of this clastic detritus was probably from 
uplifted land to the north. The lack of structure within the Cisubuh Formation







This chapter contains the results of a petrographic examination carried out on 
the Mid Main Carbonate in the offshore area, Northwest Java Basin (Fig. 1.2).
The results discussed are based on samples from 10 petroleum exploration 
wells. Four wells are from the MQ Field (MQ-2, MQ-3, MQ-5 and MQ-8 wells), 
one well from each of the MX and MB Fields (MXC-3 and MB-2 respectively), and 
the rest are from other fields where only one well has been drilled (MH-1, MO-1, 
MW-1 and MY-1). The type and number of samples involved in the study are 
tabulated in Table 3.1.
The sedimentary petrographic study of the Mid Main Carbonate in the 
Northwest Java Basin was carried out primarily using transmitted light microscopy, 
X-ray diffraction (XRD) and scanning electron microscopy (SEM). Transmitted light 
microscopy was used to determine the textural, mineralogical and diagenetic features 
of the limestone. The XRD technique was used to determine the mineralogy of the 
fine-grained components of the limestone, thus supporting the transmitted light 
microscopic determinations. The SEM was used to determine detailed morphological 
and diagenetic aspects of the limestone.
3.1.1 Transmitted Light Microscopy
A total of 434 samples were collected from the Mid Main Carbonate intervals 
throughout the ten petroleum exploration wells. Of these, 155 were conventional
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cores, 158 were sidewall cores, and the remaining 121 were cuttings samples (Table 
3.1).
All samples were thin sectioned after impregnating with green or blue dye for 
porosity determination. Where cores were available, thin sections were made from 
the ends of the same plugs that were previously analysed for porosity and 
permeability.
The analyses of all samples were carried out using a Zeiss microscope at a 
magnification of up to 500x (i.e. a 12.5x ocular lens and 2.5x, lOx, 25x or 40x 
objective lenses) depending on the grain size of the sample.
Grain size was measured using a micrometer ocular. To estimate the
percentage of grains, cements, matrices and porosity the comparison charts proposed 
by Baccelle & Bosellini (1965; Fig. 3.1) were used.
The carbonate rock classification of Embry & Klovan (1971) was used in this 
study (Fig. 3.2).
The result of petrographic analysis are summarized in Appendix 1.
3.1.2 X-ray Diffraction (XRD)
XRD analysis was carried out using a Phillips 1130/90 diffractometer at the 
University of Wollongong. Copper radiation with a graphite monochromator was 
used and the machine was run at 1/2° 20/min.
Thirty four samples were selected for XRD analysis. The samples were 
crushed to powder in an agate mortar. Approximately 1 g of material was pressed 
into a cavity mount. The samples were subjected to copper radiation with a 
receiving slit width of 1/4°. Scans commenced at 4° (20) and continued through to 
70° (20). Whole rock composition analysis of untreated material was carried out on 
each sample.
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Using XRD, the abundance of minerals in carbonate sediment can be 
determined by comparing the intensities of their strongest reflections. The results of 
these analyses are summarized in Table 3.2.
3.1.3 Scanning Electron Microscopy (SEM)
Scanning electron microscopy was used to illustrate the three dimensional 
relationships between detrital and authigenic minerals and pore geometry.
Thirty six samples were selected for SEM examination. All of the selected 
samples had already been analysed using petrographic thin sections and some of 
them had been subjected to a mercury injection capillary pressure test. Of these 
samples 14 were analysed using A JEOL JSM35CF microscope at Research and 
Development Center for Oil and Gas Technology (PPPTMGB) "Lemigas", Jakarta, 
and the rest (22 samples) were analysed using an HITACHI-S-450 at the University 
of Wollongong. Identification of the mineral composition of most of the samples 
was based on the figures in Welton (1984) and was checked, where appropriate, by 
ED AX analysis. ,
Approximately 0.75 cm x 0.75 cm x 0.5 cm samples with a freshly exposed 
upper surface were mounted with silastic onto the SEM stubs. Each sample was 
coated with a 200 A layer of gold using an SEM Coating Unit PS3 to obtain a clear 
image of the surface.
The samples were studied at magnifications varying between 23x and 2300x.
3.2 MQ FIELD 
Facies characteristics
Based on petrographic studies of the samples examined from four wells (MQ- 
2, MQ-3, MQ-5 and MQ-8), four limestone facies can be recognized: Foraminiferal
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Limestone Facies, Coral Limestone Facies, Coral Foraminiferal Limestone Facies, and 
Algal Coral Foraminiferal Limestone Facies.
3.2.1 Foraminiferal Limestone Facies
(a) Fades distribution
The thickest sections of the Foraminiferal Limestone Facies were encountered 
in the MQ-2 well between 924.8 and 943.4 m (3034-3095 ft) and in the MQ-3 well 
from 894.9 to 951 m (2936-3120 ft). The distribution of this limestone facies 
through the wells studied is summarized in Table 3.3.
(b) Lithology
This limestone (Fig. 3.3) consists predominantly of medium- to very coarse­
grained wackestone, and to a lesser extent packstone and grainstone, composed of 
abundant skeletal material and a variable amount of lime mud (micrite) matrix. 
Packstone and grainstone have been observed in the core intervals from 931.2 to
943.4 m (3055-3095 ft) in the MQ-2 well and from 919.3 to 920.8 m (3016-3021 ft) 
in the MQ-3 well. The skeletal debris in the limestone is poorly sorted and 
subangular to subrounded.
Variable amounts of detrital quartz are present (1-10%) indicating an influx of 
siliciclastic material to the depositional environment. Bioturbation is usually present 
in this sequence.
(c) Bioclastic constituents
The skeletal fragments consist of abundant microfossils such as larger benthonic 
foraminifers: Miogypsina spp., Lepidocyclina spp. and Amphistegina spp.
Operculina spp., Cycloclypeus spp., rotaliids and other indeterminate foraminifers are 
frequently present as minor constituents. Miliolids, if present, only occur in very 
minor amounts. Planktonic foraminifers, mostly globigerinids and rare globorotalids,
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are present as constituents of the lime mud matrix. Macrofossils such as bivalves, 
gastropods, bryozoans and echinoderms are rare to common. Coralline algal debris 
and corals, if present, are very rare. Some larger foraminifers and other macrofossils 
have been abraded and broken, and consist of disoriented skeletal fragments.
(d) Porosity and Permeability
Porosity and permeability in this limestone facies could only be measured in 
the intervals where sidewall and conventional cores were available. The porosity of 
this limestone facies ranges from 18% to 36% (average of 28%). The most common 
porosity types observed are vugular, intraparticle and, to a lesser extent, mouldic and 
channel porosities. Some primary pores (e.g. foraminiferal and molluscan chambers) 
were filled with lime mud at the time of sedimentation, giving a reduced intraparticle 
porosity, whereas other pores were left open. During the following stage of
diagenesis, secondary porosity (mouldic, vuggy and channel types) was created 
almost entirely by dissolution processes. Channel pores developed when solution 
vugular pores became interconnected (Fig. 3.4).
The measured permeability ranges from 2.6 md to 93 md. It is important to 
note that the distribution of porosity and permeability within the limestone studied is 
quite irregular and the porosity and permeability values may change rapidly from one 
place to another even within a few centimetres. The irregularity was probably 
controlled by diagenetic events. The samples which underwent intense dissolution 
processes gave higher measured porosity and permeability values than those with less
dissolution.
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3.2.2 Coral Limestone Facies
(a) Facies distribution
This facies is only about 4.6 m thick, and has been found in MQ-2 well from
943.4 m to 947.9 m (3095-3110 ft) and in MQ-8 well from 935.7 m to 940.3 m
(3070-3085 ft; see Table 3.2).
(b) Lithology
The Coral Limestone Facies (Fig. 3.5) is distinguished from the Foraminiferal 
Limestone Facies by the predominance of corals and the absence or minor amounts 
of larger foraminifers. The abundant corals are associated with extensive cementation 
following intensive dissolution. Most coralline grains have been replaced by clear 
sparry calcite cements. The limestone mainly consists of very coarse-grained 
packstone and to a lesser extent mudstone and wackestone with a matrix of 
argillaceous-micritic bioclastic wackestone. The presence of abundant mud is 
probably partly from extraneous sediment infilling the coral chambers and partly 
from breakdown of the skeletal fragments by micro-organic activity. The skeletal 
material, in particular the corals, is poorly sorted. A very slight trace of
dolomitization has been noted in the MQ-2 well (Fig. 3.6) at depths between 946 m 
and 947.6 m (3104-3109 ft) and at a depth of 936 m (3071 ft) in the MQ-8 well 
(Fig. 3.7). Detrital quartz grains are also present but only in trace (1-2%) amounts.
(c) Bioclastic constituents
The dominant skeletal fossils are coral fragments (20-65%). Coral 
morphologies are mainly branching and massive forms. Other skeletal material 
(minor amounts) includes bivalves, planktonic foraminifers, larger benthonic 
foraminifers and very rare miliolids.
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(d) Porosity and Permeability
The measured porosity in this facies is generally low compared to the 
Foraminiferal Limestone Facies, ranging from 4% to 31% (about 10% in the majority 
of samples). The main porosities are of dissolution vugular, minor intraparticle and 
channel types. Intercrystalline porosity, although only sporadically present, is related 
to the dolomitization process (Figs 3.6 and 3.7). The abundant coralline material 
was subjected to extensive dissolution creating the secondary pores in the form of 
mouldic and vugular pore types. Unfortunately, this dissolution process was soon 
followed by calcite cementation which occluded most of the secondary pores. The 
remaining secondary pores are probably the result of a second phase of dissolution.
The permeability ranges from 0.10 md to 215 md with lower permeability in 
the MQ-8 well than in the MQ-2 well. The average permeability of this facies in 
the MQ-2 well is 60 md to 70 md while in MQ-8 it is 4 md to 5 md. This is 
probably because more intensive cementation took place in the MQ-8 well.
3.2.3 Coral Foraminiferal Limestone Facies
(a) Facies distribution
Coral Foraminiferal Limestone has been identified in the MQ-5 well from 
905.9 m to 975.4 m (2972-3200 ft) as well as in the MQ-8 well from 927.8 m to 
935.7 m (3044-3070 ft) and from 940.3 m to 951 m (3085-3120 ft; see Table 3.3).
(b) Lithology
The limestone of this facies (Fig. 3.8) mainly consists of coarse-grained 
packstone and wackestone but occasional grainstone has also been observed in the 
core between 920.5 m to 922.6 m (3020-3027 ft) in the MQ-5 well. The limestone 
is generally composed of abundant skeletal constituents, especially coralline debris 
and benthonic foraminifers, having subangular to subrounded grains and a poorly
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sorted texture. Very minor dolomite has been observed in the MQ-8 well at 935 m 
(3068 ft) depth. The presence of coralline debris (Fig. 3.9) distinguishes this facies 
from the Foraminiferal Limestone Facies. In the MQ-5 well variable amounts (1­
30%) of detrital quartz are also present.
(c) Bioclastic constituents
The skeletal constituents consist of common to abundant microfossils and 
macrofossils. The microfossils are predominantly represented by larger benthonic 
foraminifers such as Lepidocyclina spp. and Miogypsina spp. Planktonic foraminifers 
are also present in minor amounts. The macrofossils are dominated by coralline 
debris. Red algae are present but very rare. The common indeterminate skeletal 
debris composed of sparry calcite is most probably of coralline origin.
(d) Porosity and Permeability
Porosity of this facies ranges from 3.5% to 33%. The visible porosity under 
the microscope is from very poor to fair. Porosity types are dominated by vugular 
(Fig. 3.10) and a lesser quantity of mouldic (Fig. 3.11) secondary porosity. 
Intraparticle porosities in the form of open foraminiferal chambers are still preserved 
to a minor degree.
The permeability is commonly poor, 0.1 md to 9.3 md. Fair to good
permeabilities (12-78 md) were also recorded but only locally. Very good 
permeabilities of 258 md and 362 md were obtained in the MQ-5 well at the depths 
of 922 m (3025 ft) and 951 m (3120 ft) respectively, and a permeability of 233 md 
was recorded at a depth of 932.7 m (3060 ft) in the MQ-2 well.
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3.2.4 Algal Coral Foraminiferal Limestone Facies
(a) Facies distribution
This limestone facies has been recognized in the MQ-2 well from 947.9 m to
1020.2 m (3110-3347 ft), the MQ-3 well from 951 m to 995 m (3120-3264 ft), the 
MQ-5 well from 975.4 m to 1002.8 m (3200-3290 ft) and the MQ-8 well from 
951 m to 1025.7 m (3120-3365 ft; Table 3.3).
(b) Lithology
These limestone units are generally medium- to coarse-grained skeletal 
packstone (Fig. 3.12) composed of abundant skeletal constituents with variable but 
relatively small amounts of micrite matrix. The skeletal debris is generally poorly 
sorted and subangular to subrounded (including the indeterminate skeletal debris of 
possible coralline origin). The facies is distinguished from the Coral Foraminiferal 
Limestone Facies by the relative abundance of red coralline algal material.
(c) Bioclastic constituents
The composition of the skeletal material is similar to that described for the 
Coral Foraminiferal Limestone Facies with the addition of common to abundant red 
coralline algal material which is characteristic of this facies.
(d) Porosity and Permeability
The porosity in this facies varies from 13% to 29.8% and is mainly of a vuggy 
type associated with intraparticle porosity and locally mouldic porosity. As in the 
Coral Foraminiferal Limestone Facies, a considerable increase in porosity (in the 
form of mouldic porosity) took place during diagenesis as a result of dissolution of 
aragonitic skeletal material. This secondary porosity, however, has almost entirely 
been destroyed during a subsequent calcite cementation phase. Although this 
cementation phase also filled most of the original intraparticle pores, such as
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foraminiferal chambers, part of this primary porosity has been preserved (Fig. 3.13). 
A subsequent phase of dissolution created the present solution vugular porosity.
The measured permeability ranges from 0.2 md to 266 md, with less than 
10 md in majority of samples. Good permeabilities of 266 md, 93 md and 78 md 
were only recorded at 945.5 m (3115 ft) in the MQ-2 well, at 980.2 m (3216 ft) in 
the MQ-3 well and at 9877.9 m (3241 ft) in the MQ-5 well, respectively.
3.2.5 Depositional environment
Based on lithological and palaeontological characteristics, in general, the Mid 
Main Carbonate limestone from the MQ Field was deposited under warm, shallow 
water in an inner shelf environment.
Mudstone-wackestone-packstone and/or floatstone are typical of low to 
intermediate energy conditions where winnowing of the lime mud component is 
prevented.
Grainstone and rudstone, on the other hand, were deposited under relatively 
high energy conditions where the fine-grained sediment (lime mud) was winnowed 
out from the site of deposition. These conditions are confirmed by the presence of 
broken and abraded bioclastic components.
The abundance of larger foraminifers indicates a warm, shallow marine 
environment. Most larger foraminifers such as Amphistegina spp., Operculina spp., 
Miogypsina spp. and rotaliids live in clear, warm water between sea level and 30 m 
deep (inner shelf environment). The corals, especially branching corals 
(scleractinian), support a shallow water environment in the zone of highest surf 
energy (Scoffin, 1987).
The Coral Limestone Facies (in the MQ-2 and MQ-3 wells) probably represents 
a build-up of small patch reefs with a thickness of only about 4.5 m.
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3.3 MW-1 WELL 
Facies characteristics
The limestone interval throughout the well from 753.5 m to 846 m (2472­
2776 ft) can be divided into two facies: Foraminiferal Limestone Facies and Algal 
Foraminiferal Limestone Facies.
3.3.1 Foraminiferal Limestone Facies
(a) Facies distribution
This facies has been found in the MW-1 well from 753.5 m to 828 m (2472­
2717 ft).
(b) Lithology
The limestone consists mainly of coarse- to very coarse-grained bioclastic 
wackestone in the upper part and packstone in the lower part, with variable amounts 
of matrix. Floatstone and mudstone are also present but are very localized at depths 
of 756 m (2480 ft) and 795.5 m (2610 ft). Intercalated shale is present only in the 
uppermost interval, based on the presence of abundant shale fragments in the cuttings 
sample from 804.7 m to 756 m (2460-2480 ft). The skeletal grains are poorly sorted 
and subangular to subrounded. The matrix is mostly micrite but at 763 m (2503 ft) 
and 795.5 m (2610 ft) it is biomicrite.
(c) Bioclastic constituents
The skeletal fragments consist of abundant microfossils represented by larger 
benthonic foraminifers including Lepidocyclina spp., Miogypsina spp., 
Amphistegina spp., Operculina spp., as well as rotaliids and other indeterminate 
foraminifers. These larger foraminifers are associated with a few planktonic 
foraminifers. Macrofossils such as algae, corals, bryozoans and echinoderms are
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present in trace to rare quantities. Indeterminate fragments are very common and 
probably mostly consist of larger benthonic foraminiferal debris.
(d) Porosity and Permeability
Dissolution vugular porosity is dominant in this limestone facies, while 
intraparticle and intergranular porosity are relatively minor. Porosity values from 
samples throughout the Foraminiferal Limestone Facies range from 16.2% to 33.2%. 
Measured permeabilities range from 0.21 md to 20 md.
3.3.2 Algal Foraminiferal Limestone Facies
(a) Facies distribution
Algal Foraminiferal Limestone has been found between 828 m and 846 m 
(2717-2776 ft).
(b) Lithology
The lithology of this facies is similar to the Foraminiferal Limestone Facies 
except for the presence of common coralline algal fragments. It is comprised of 
medium- to very coarse-grained skeletal fragments with wackestone or floatstone 
textures. In contrast to the Foraminiferal Limestone Facies, this facies has no shale 
intercalations. Packstone to grainstone texture is locally present.
(c) Bioclastic constituents
The skeletal fragments are composed of abundant microfossils such as larger 
benthonic foraminifers, mostly Lepidocyclina spp., and nil to trace amounts of 
rotaliids. Indeterminate foraminifers are present as common constituents. The
macrofossil content consists of rare to common red coralline algal material and 
locally trace amounts of gastropods and ostracods. Indeterminate fragments are
present in moderate amounts.
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(d) Porosity and Permeability
Based on measurements from sidewall cores throughout this facies, the porosity 
varies from 18.8% to 30.6% (6 samples) and the permeabilities range from 1.0 md to 
97 md.
Macroporosity in this facies is mostly of intraparticle and vugular type, but 
microporosity is also common.
3.3.3 Depositional environment
Based on the palaeontological characteristics the Mid Main Carbonate limestone 
from the MW-1 well was deposited in an inner marine shelf environment, while 
lithological characteristics show that deposition occurred under very low to low 
energy conditions as indicated by the predominance of mudstone, wackestone and 
floatstone textures. The dominance of mudstone, with shale intercalations, suggests a 
quiet environment probably in a back-reef or lagoonal facies.
3.4 MO-1 WELL 
Fades characteristics
Based on petrographic studies of the samples throughout the interval from 
766 m to 854 m (2513-2802 ft) in this well only one facies can be recognized: the 
Coral Foraminiferal Limestone Facies.
3.4.1 Coral Foraminiferal Limestone Facies
(a) Lithology
The Coral Foraminiferal Limestone Facies consists predominantly of coarse- to 
very coarse-grained skeletal packstone and floatstone and a minor amount of
wackestone.
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The skeletal limestone is composed of abundant microfossils and moderate 
amounts of macrofossils, with relatively small to moderate amounts of micrite matrix 
and occasionally calcite cement. The coral debris, which is commonly replaced by 
sparry calcite, and other fragmented fossils contribute to the poorly sorted and 
subangular texture of the limestone.
(b) Bioclastic constituents
The skeletal fragments are mainly represented by larger benthonic foraminifers, 
including Lepidocyclina spp., Miogypsina spp., Amphistegina spp. and rotaliids. 
Small to moderate amounts of indeterminate foraminiferal fragments are also present.
The macrofossil content consists of moderate to common coral fragments and 
rare red coralline algal material. Bryozoans are very rare and only present in a 
small number of the samples studied.
(c) Porosity and Permeability
Porosity in the limestone of this interval varies from 18.8% to 31.5% (23.4% 
on average). The main porosity type is intraparticle, present as open foraminiferal 
and molluscan chambers. This is primary porosity that has not been destroyed by 
cementation.
No permeability was measured in this interval due to the absence of 
conventional core samples. Most sidewall core samples are not reliable for such 
tests. Based on thin section analysis the permeability is probably moderate to high.
3.4.2 Depositional environment
Based on palaeontological characteristics this carbonate rock, which is 
dominated by larger foraminifers, was deposited in a shallow, warm inner marine
shelf environment.
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The lithology, which is dominated by wackestone and packstone textures, 
suggests that this limestone was deposited under low to intermediate energy 
conditions (intertidal to subtidal).
3.5 MY-1 WELL 
Facies characteristics
The limestone interval throughout the well from 833.3 m to 902.2 m (2734­
2960 ft) can be divided into three facies: Coral Foraminiferal Limestone Facies, 
Algal Coral Foraminiferal Limestone Facies and Foraminiferal Limestone Facies.
3.5.1 Coral Foraminiferal Limestone Facies
(a) Facies distribution
This limestone facies has been encountered between 833.3 m and 842.8 m 
(2734-2765 ft).
(b) Lithology
The Coral Foraminiferal Limestone is dominated by very coarse-grained skeletal 
floatstone. Other textures are also present in a very thin interval and include 
mudstone, rudstone and ffamestone. These rocks are made up of abundant skeletal 
constituents with a variable amount of micrite matrix and calcitic cements.
(c) Bioclastic constituents
The skeletal debris consists of relatively abundant larger benthonic foraminifers 
including Lepidocyclina spp. and Miogypsina spp. These larger foraminifers are 
associated with rare to common small calcareous benthonic foraminifers such as 
Amphistegina spp., Operculina spp. and rotaliids. Planktonic foraminifers in the form 
of globigerinids are present, but are rare and not widely distributed.
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Corals are present as a very distinctive constituent (from common to abundant). 
Other macrofossils include very rare gastropods and echinoids as well as rare to trace 
amounts of red algae.
Indeterminate skeletal debris is common to locally abundant.
(d) Porosity and Permeability
Porosity measurements gave a range of values between 1.6% to 25.2%. These 
porosities are dominated by intraparticle and dissolution vugular porosity types. 
Intergranular porosity can also be observed but is only present in a small number of 
samples studied. The dissolution vugular porosities comprise mouldic pores (fabric 
selective) and vuggy pores (not fabric selective). The permeability values range from 
9 md to 69 md.
3.5.2 Algal Coral Foraminiferal Limestone Facies
(a) Facies distribution
This facies has been encountered in the MY-1 well from 842.8 m to 852 m 
(2765-2795 ft).
(b) Lithology
This facies is distinguished from the Coral Foraminiferal Limestone Facies by 
the significant increase in amount of red coralline algal fragments. The texture 
commonly vanes from wackestone to mudstone and packstone. Skeletal framestone 
and grainstone are also present.
The grains are mostly coarse to very coarse although some medium size grains 
are also present. The sorting is very poor and the common abraded grains provide a 
subangular texture.
Fine- to medium-grained quartz is present in various amounts, from nil to 
12.5%, and shows a subangular texture.
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The matrix is made up of micrite and microspar, and reaches up to 30% or 
40%. Under SEM at a depth of 852 m (2795 ft), smectite is locally found among 
the matrix as a very small amount of tiny authigenic crystals.
(c) Bioclastic constituents
This limestone is predominantly composed of larger benthonic foraminifers 
including: Lepidocyclina spp. and Miogypsina spp. Katacycloclypeus spp. is locally 
present in a minor amount. Other foraminifers which are present in trace amounts 
include miliolids, rotaliids, Amphistegina spp. and Operculina spp. Planktonic 
foraminifers, especially in the form of globigerinids, range from nil to common.
These foraminifers are associated with macrofossils including rare to abundant 
corals and trace to abundant algae. Echinoderms (echinoid spines and plates), as 
well as gastropods, bivalves and bryozoans are present in minor amounts. Bryozoans 
are only found in a small number of the samples studied. Indeterminate fragments, 
most probably of coral debris, are also common in this facies.
(d) Porosity and Permeability
Porosity ranges from 7.6% to 26.5% comprising mainly intraparticle and vuggy 
pore types. Intergranular and mouldic porosities are also present but in minor 
amounts. Fracture porosity can also be found in this facies although some of the 
fractures have partly been filled by calcite cement (reduced fracture porosity).
Permeability ranges from 0.60 md to 238 md with the highest value occurring 
at a depth of 849.5 m (2787 ft).
3.5.3 Foraminiferal Limestone Facies
(a) Facies distribution
This facies is present in the MY-1 well from 852 m to 902.2 m (2795-2960 ft).
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(b) Lithology
The limestone sequence consists of coarse- to very coarse-grained skeletal 
wackestone to packstone. Floatstone was only found in one sample studied. 
Angular to subangular very fine-grained quartz is present in a very minor amount 
(less than 1%) in the uppermost interval of this facies (at a depth of 852.5 m or 
2797 ft).
Matrix, which is made up of micrite and microspar, comprises 30% to 40% of 
each sample. Cements mostly consist of non-ferroan calcite, and only trace amounts 
of feiroan calcite were found.
(c) Bioclastic constituents
The microfossil content of this limestone consists of large foraminifers, 
including common Lepidocyclina spp. and rare Miogypsina spp., and calcareous 
benthonic foraminifers such as Amphistegina spp. and rotaliids. Common to 
abundant indeterminate foraminiferal debris is present. No planktonic foraminifers 
were found in this interval.
The microfossils are associated with nil to common corals and algae. 
Gastropods, echinoderms and bryozoans, if present, are in trace to rare quantities
with a sporadic distribution. Indeterminate skeletal fragments are moderate to 
common.
(d) Porosity and Permeability
Porosity measurements on samples from this interval range from 11.4% to 
26.8%. This porosity is primarily of intraparticle and vugular type, while 
intergranular and mouldic pores are present as minor constituents. Permeability 




This carbonate rock was deposited in a very low to low energy, warm, clear 
marine environment. Strongly agitated water conditions occurred only locally and for 
brief periods of time. This is indicated by the presence of rudstone textures in thin 
intervals near the top of the sequence.
The presence of quartz (up to 10-12.5%) within the limestone is probably due 
to active currents coming from nearshore carrying quartz to the site of deposition.
3.6 MH-1 WELL 
Facies characteristics
The Mid Main Carbonate limestone occurs in this well from 668.7 m to 
757.77 m (2194-2486 ft) and can be subdivided into four facies: Coral Foraminiferal 
Limestone Facies, Algal Coral Foraminiferal Limestone Facies, Foraminiferal 
Limestone Facies and Algal Foraminiferal Limestone Facies.
3.6.1 Coral Foraminiferal Limestone Facies
(a) Facies distribution
This facies is present in the MH-1 well between 668.7 m and 680 m (2194­
2231 ft), 682.8 m and 685.8 m (2240-2250 ft) and 701 m and 719.3 m (2300­
2360 ft).
(b) Lithology
The limestone is composed predominantly of coarse- to very coarse-grained 
wackestone to packstone with occasional floatstone and framestone. In the deeper 
parts of the core, between 682.8 m and 685.8 m (2240-2250 ft) and from 701 m to 
707 m (2300-2320 ft), this facies is dominated by grainstone or rudstone. The facies 
shows very poor grain sorting and the grains, which mostly consist of bioclastic
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skeletal material, are generally subangular. The matrix mostly consists of micrite. 
Smectite was identified by XRD analysis at a depth of 680 m (2231 ft) as a very 
minor constituent which is probably of authigenic origin.
(c) Bioclastic constituents
Coral in this facies reveals a distinct skeletal morphology when compared with 
the other macrofossils. Ostracods, bivalves, gastropods, echinoderms and bryozoans, 
if present, only occur as trace constituents. Algae also range from nil to rare. 
Common to abundant indeterminate macrofossil fragments, probably mostly of 
coralline debris, have been found in this facies.
Microfossils are also present, associated with the macrofossils. Larger 
benthonic foraminifers such as Lepidocyclina spp. and Miogypsina spp. range from 
rare to common, and occasional samples have abundant foraminiferal fragments. 
Rotaliids and miliolids, if present, are only in trace amounts. Indeterminate
foraminifers have also commonly been found.
(d) Porosity and Permeability
In general, based on measurements from conventional core samples, the
porosity is low and lies between 1.5% and 24% (9.2% on average). Good porosity 
(24%) was determined only at a depth of 683.4 m (2242 ft). Measurements on 
sidewall core samples provide good porosity values ranging from 20.5% to 30% 
(mean porosity = 25%).
Permeability tends to be low, ranging from 0.1 md to 12 md. Good
permeabilities were only recorded at 676.7 m (2220 ft), 678.5 m (2226 ft) and
683.4 m (2242 ft) depths, with values of 20 md, 83 md and 137 md respectively.
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3.6.2 Algal Coral Foraminiferal Limestone Facies
(a) Facies distribution
In the MH-1 well, this facies is not well developed. It is about 1.5 m (4.9 ft) 
thick and has been encountered at depths between 680 m and 681.5 m (2231­
2236 ft).
(b) Lithology
Coarse- to very coarse-grained skeletal limestone (Fig. 3.14) is the predominant 
lithology in this facies and has a packstone to floatstone texture. Framestone also 
occurred but is not widespread. The matrix mostly consists of mielite and microspar 
with only a minor amount of biomicrite at 681.2 m (2235 ft).
XRD analysis shows that quartz and smectite are present in very small amounts 
at 680 m and 680.3 m (2231 ft and 2232 ft).
(c) Bioclastic constituents
This facies is distinguished from the Coral Foraminiferal Limestone Facies by 
the increase in number of coralline algal fragments which range from trace to 
common. Corals are common to abundant, while bivalves and gastropods, if present, 
are only very rare.
Microfossils are predominantly the larger benthonic foraminifers such as 
Lepidocyclina spp. and Miogypsina spp. Rotaliids are only occasionally present. 
Planktonic foraminifers in the form of globigerinids can be identified in trace 
amounts.
(d) Porosity and Permeability
Visible vugular porosity is the most common type that can be identified. 
Microporosity is also present but can only be recognized under SEM. Four 
measurements on porosity and permeability show that the porosity is fairly good 
(13.6% on average) but the permeability tends to be poor (3.7 md on average).
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In general it can be noted that this facies has a tight to fairly good porosity 
and a low permeability.
3.6.3 Foraminiferal Limestone Facies
(a) Facies distribution
The Foraminiferal Limestone Facies in the MH-1 well occurs in three separate 
intervals at the following depths: 681.5 m to 682.8 m (2236-2240 ft), 689.5 m to 
701 m (2262-2300 ft) and 719.3 m to 757.7 m (2360-2486 ft; Table 3.3).
(b) Lithology
The limestone comprising this facies is composed mostly of coarse- to very 
coarse-grained grainstone or rudstone (Fig. 3.15) in the upper interval, and packstone 
to floatstone textures in the lowest interval of this facies. Micrite matrix is common 
in the packstone-floatstone textures.
XRD analysis shows that quartz is present but in a minor amount. Dolomite 
can only be identified as a trace by XRD at a depth of 713.2 m (2340 ft). Cements 
are predominantly non-ferroan calcite spar (as microspar, coarse sparry calcite and 
pseudosparite).
(c) Bioclastic constituents
The fossil assemblage is dominated by larger benthonic foraminifers including 
common to abundant Lepidocyclina spp., Miogypsina spp., nil to trace 
Amphistegina spp. and nil to rare rotaliids. Indeterminate foraminiferal skeletal 
fragments are rare to abundant.
Associated with the microfossils, macrofossils range in abundance from nil to 
trace amounts and include bryozoans, echinoderms and bivalves. Algae and corals 
are occasionally present in minor to moderate amounts. Indeterminate macrofossil 
fragments are rare to common.
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(d) Porosity and Permeability
Intraparticle, intergranular and vugular porosities are the common porosity types 
in this facies. Mouldic porosity was only recorded in a trace amount. Porosity 
measurements on conventional core samples provide a range from 6.8% to 10.1%, 
while porosity measured from the sidewall core samples is higher, ranging from 
20.5% to 25.5% at the greater depths.
Permeability is about 0.1 md to 1.8 md (from conventional core samples) and 
two measurements on sidewall core samples from 701.6 m (2302 ft) and 702.9 m 
(2306 ft) depths give 12 md and 6.4 md respectively.
3.6.4 Algal Foraminiferal Limestone Fades
(a) Fades distribution
The Algal Foraminiferal Limestone Facies has been encountered in the MH-1 
well between 685.8 m and 689.5 m (2250-2262 ft).
(b) Lithology
The limestone of this facies is comprised dominantly of coarse- to very coarse­
grained wackestone and packstone (floatstone). Matrix is dominated by lime mud 
and minor amounts of micrite. The skeletal grains are poorly sorted and subangular 
to subrounded in shape.
XRD analysis shows that dolomitization has occurred in a few samples 
although it is not widespread and was only observed in localized patches.
(c) Bioclastic constituents
The skeletal constituents consist of common to abundant microfossils and 
macrofossils. The composition of the skeletal material is almost similar to the Algal 
Coral Foraminiferal Limestone Facies previously described, with the exception that in
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this facies the number of coral fragments shows a significant decrease (trace to rare) 
and this distinguishes the facies.
(d) Porosity and Permeability
Vugular porosity due to dissolution is the dominant type in this limestone 
facies. Other important porosity types are intraparticle and mouldic porosities. This 
facies tends to have a good porosity and permeability. Porosity ranges between 
17.5% and 32.8% (29% on average) while permeability ranges from 2.9 md to 
34 md (15 md on average).
3.6.5 Depositional environment
The Mid Main Carbonate sequence in the MH-1 well was deposited in a 
shallow marine environment (inner shelf) with strongly agitated water providing 
grainstone and rudstone. When energy conditions and the agitation of the water 
became lower, less mud was winnowed from the system and packstone and 
floatstone were then deposited.
3.7 MXC-3 WELL 
Facies characteristics
The top of the Mid Main Carbonate in the MXC-3 well was encountered at a 
depth of 1050.3 m (3446 ft). Its base was not penetrated and the well was 
abandoned at 1092.7 m (3585 ft).
Based on the petrographic studies of limestone samples, two facies can be 
recognized: the Foraminiferal Limestone Facies and Algal Coral Foraminiferal 
Limestone Facies.
45
3.7.1 Foraminiferal Limestone Facies
(a) Facies distribution
The Foraminiferal Limestone Facies can be found in the MXC-3 well in the 
intervals between 1050.3 m and 1075 m (3446-3527 ft) and from 1076.2 m to
1092.7 m (3531-3585 ft).
(b) Lithology
The Mid Main Carbonate throughout this facies is generally so porous, due to 
extensive dissolution, that the rock becomes friable when it is penetrated by a 
drilling bit. The core, therefore, appears to have been broken into small chips when 
it comes out from core barrel. Only small numbers of plugs could be made from 
the core samples because of this lithological characteristic.
Lost circulation, which occurred between 1049.7 m and 1056.4 m (3444­
3466 ft) and between 1059.5 m and 1062.8 m (3476-3487 ft), proved the very 
porous nature of the limestone in the MXC-3 well, and probably represents large 
caverns.
The lithology of the Foraminiferal Limestone Facies consists of medium- to 
very coarse-grained packstone, grainstone and rudstone. Mudstone and wackestone 
are rare but locally present. Very thin shaly intercalations occur in the upper 
interval, at depths of 1072.6 m to 1072.9 m (3519-3520 ft).
SEM analysis indicates the presence of very tiny authigenic illite clay minerals 
at a depth of 1073.2 m (3521 ft). An indeterminate iron mineral, indicated by 
ED AX, as well as anhedral quartz grains have also been found in trace amounts at a 
depth of 1072 m (3517 ft). From XRD analysis, traces of dolomite and kaolinite 
were observed at a depth of 1073.2 m (3521 ft). Also a trace of kaolinite was 
found at a depth of 1080.8 m (3546 ft).
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(c) Bioclastic constituents
The skeletal fragments consist of common microfossils such as the larger 
benthonic foraminifers, mainly Lepidocyclina spp. Other benthonic foraminifers such 
as Operculina spp., rotaliids and miliolids are occasionally present as minor 
constituents. Planktonic foraminifers such as globigerinids and globorotalids, if 
present, only occur in trace amounts. Indeterminate foraminifers form rare to 
abundant skeletal debris.
(d) Porosity and Permeability
Porosity in this facies is dominated by vugular and intraparticle types but 
microporosity (intergranular) can clearly be observed using SEM. Measured porosity 
gives an average value of 21.8%, with a minimum value of 5.13% found at depth of 
1072 m (3517 ft), and a maximum value of 32.6% at 1079 m (3540 ft).
Measured permeability values range from 0.10 md at 1072 m (3517 ft) to 
1032 md at 1087.2 m (3567 ft) giving an average permeability of about 134 md.
Note these values are probably not representative of the whole facies since only 
the more cemented parts of the core could be analysed.
3.7.2 Algal Coral Foraminiferal Limestone Facies
(a) Facies distribution
This facies is very thin and was only encountered between 1075 m and
1076.2 m (3527-3531 ft), i.e. only 1.2 m thick.
(b) Lithology
The lithology of this facies is similar to the Foraminiferal Limestone Facies. It 
is generally friable and porous and consists of coarse to very coarse floatstone and 
framestone. The matrix is micrite and biomicrite.
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(c) Bioclastic constituents
The skeletal constituents include common larger benthonic foraminifers, 
including Lepidocyclina spp., Operculina spp. and Amphistegina spp. Miliolids are 
only present in a trace amount. Globigerinids and indeterminate planktonic 
foraminifers are locally present as fragments in biomicrite. Common to abundant 
indeterminate microfossils have also been found.
The macrofossil content generally comprises common to abundant corals. Red 
coralline algae are present as rare to common constituents but bryozoans and 
echinoderms are only present in minor amounts. Common indeterminate macrofossil 
skeletal fragments are also present and most probably represent coralline material.
(d) Porosity and Permeability
Only one sample from this facies could be measured due to the unconsolidated 
nature of the samples. Porosity and permeability values are 22.8% and 14 md 
respectively. The nature of the core samples suggests that the facies has good 
porosity and permeability. The porosity is predominantly of vugular type. Mouldic 
and intraparticle porosities are also present but only in trace amounts.
3.7.3 Depositions environment
The Mid Main Carbonate sequence from the MXC-3 well was probably 
deposited under intermediate to high energy conditions. It is characterized by 
common occurrence of grainstone, rudstone and framestone textures. The mud was 
washed out of the sediment, transported in suspension and deposited elsewhere. 
Abundant large foraminifers and corals suggest that the environment of deposition 
was in an inner marine shelf.
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3.8 MB-2 WELL 
Facies characteristics
The top of Mid Main Carbonate in the MB-2 well was encountered at a depth 
of 1015.6 m (3332 ft), while the base of this limestone sequence was not reached 
and the well was abandoned at 1092 m (3583 ft).
Based on petrographic studies of samples throughout the Mid Main Carbonate 
sequence in this well two limestone facies can be recognized: the Foraminiferal 
Limestone Facies and Coral Foraminiferal Limestone Facies.
3.8.1 Foraminiferal Limestone Facies
(a) Facies distribution
In the MB-2 well this limestone facies occurs in the intervals between 
1015.6 m and 1044.2 m (3332-3426 ft) and between 1048 m and 1092 m (3438­
3583 ft).
(b) Lithology
It consists primarily of fine- to very coarse-grained mudstone, wackestone and 
packstone or floatstone. Packstone-grainstone is present in only one sample.
Mudstone dominates the upper part of the interval (1015.6-1024 m).
The grains are poorly sorted and consist of subangular skeletal material with a 
variable amount of micritic matrix. In some samples the grains show evidence of 
abrasion and breakage and, in places, show a good parallel orientation indicating 
current activity.
XRD analyses indicate rare kaolinite and traces of smectite in this limestone. 
Quartz is also moderate to abundant in the XRD analyses but quartz grains were not 
observed during transmitted light microscopy.
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(c) Bioclastic constituents
This limestone facies is predominantly composed of large foraminifers including 
Lepidocyclina spp. and Miogypsina spp. Rotaliids and miliolids are occasionally 
present as minor constituents. Indeterminate benthonic foraminifers are rare to 
abundant, while indeterminate planktonic foraminifers, if present, are very rare.
The microfossils are associated with trace to rare coral fragments and nil to 
trace ostracods, bivalves and red coralline algae.
(d) Porosity and Permeability
Porosity in this limestone is mainly made up of vugular and micro­
intergranular pores, with a minor amount of fracture, intraparticle and mouldic 
porosities. Measured porosity values are between 12.8% and 34.2% (22.2% average).
Average permeability is about 81 md, with a minimum permeability of 
0.35 md obtained at a depth of 1016.5 m (3355 ft) while a maximum value of 
475 md occurred at 1041 m (3415 ft).
3.8.2 Coral Foraminiferal Limestone Facies
(a) Facies distribution
This limestone facies was encountered between 1044.2 m and 1048 m (3426­
3438 ft) in the MB-2 well.
(b) Lithology
The limestone consists of very coarse-grained floatstone and framestone. The 
matrix was made up of fine bioclastic microsparite, while a micritic matrix was 
found particularly in the coral chambers as an infilling sediment. Broken fossils are 
frequent in this facies giving the poor sorting and subangular texture.
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(c) Bioclastic constituents
The skeletal fragments of this limestone facies are dominated by indeterminate 
large benthonic foraminifers. Lepidocyclina spp. can be recognized as a trace 
skeletal constituent. A minor amount of indeterminate planktonic foraminifers occur 
as skeletal grains in the matrix. Corals, the dominant skeletal macrofossil, are 
present associated with the microfossils as a coarse grain contributor. In thin section 
the coral fragments reach 1.6 cm in diameter.
(d) Porosity and Permeability
The most common porosity types are dissolution vugular and micro­
intergranular. A minor amount fracture porosity and intraparticle pores are also 
present. The porosity ranges between 11.8% and 22.6% (average 19.4%). Only two 
samples could be measured for permeability, giving values of 9.7 md at 1048 m 
(3438 ft) and 140 md at 1046.7 m (3434 ft) respectively.
3.8.3 Depositional environment
The carbonate sequence in the MB-2 well was deposited under relatively low to 
intermediate energy conditions in an inner shelf marine environment. Local more 
intense water agitation sometimes occurred giving rise to the deposition of grainstone 
and to the abrasion and breakage of skeletal fossils.
3.9 DISCUSSION
3.9.1 Limestone facies
The Mid Main Carbonate build-ups in the Northwest Java Basin can be 
subdivided into five limestone facies: Foraminiferal Limestone Facies, Coral 
Limestone Facies, Coral Foraminiferal Limestone Facies, Algal Coral Foraminiferal 
Limestone Facies and Algal Foraminiferal Limestone Facies.
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In general, the lithological and palaeontological characteristics of all facies are 
very similar. The difference is largely based on the abundance of distinctive 
bioclastic skeletal constituents. Foraminifers (mostly benthonic forms) are abundant 
in all limestone facies except the Coral Limestone Facies. The Foraminiferal 
Limestone Facies is characterized by the abundant microfossils, mainly large 
benthonic foraminifers. The Coral Limestone Facies is characterized by the 
dominance of corals, while the Coral Foraminiferal Limestone Facies is similar to 
Foraminiferal Limestone Facies but contains distinctive coral fragments. The Algal 
Coral Foraminiferal Limestone Facies is distinguished from the Coral Foraminiferal 
Limestone Facies by the presence of common red algae, while the presence of algae 
but a decrease or even an absence of corals characterizes the Algal Foraminiferal 
Limestone Facies.
The petrographic study of wells MB-2, MO-1 and MW-1 was based mostly on 
ditch cuttings samples composited over 6 m to 9 m (20-30 ft) intervals. The study 
of this type of material over wide stratigraphic intervals, combined with caving 
problems, prevent detailed analysis and rapid facies changes might have escaped 
observation.
3.9.2 Depositional environment
The Mid Main Carbonate sediment was formed on a palaeotopographic 
basement high (Rengasdengklok High) during a transgressive episode following 
deposition of the Massive Unit in Upper Cibulakan time.
Based on lithological and palaeontological characteristics, the Mid Main 
Carbonate was deposited in an inner shelf marine environment with water depths of 
less than 30 m. The sequence was deposited in a carbonate environment associated 
with low energy tidal zones (peritidal of Folk, 1973). This includes restricted
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marine, back-reef and reef subenvironments (Reeckmann & Friedman, 1982) or back­
reef and reef flat environments o f Longman (1981) and James (1983). The 
environments are characterized by prolific growth o f scleractinian corals, larger 
foraminifers and red algae and are well known as coralgal reefs. Other associated 
faunal elements which are also characteristic include bivalves, echinoids, minor 
bryozoans, and small benthonic and planktonic foraminifers. These palaeontological 
characteristics are quite similar to the carbonate facies model proposed by Tucker 
(1985) for shelf margin reefs.
The Foraminiferal Limestone Facies and Algal Foraminiferal Facies were 
formed where the conditions were less favourable for the coral growth that formed 
the Coral Limestone Facies. Break down products, which were probably caused by 
current or storm activity, may have intermixed with the carbonate bank products 
giving rise to accumulation o f the Algal Coral Foraminiferal Limestone and Coral 
Foraminiferal Limestone Facies. The thickness o f the Coral Limestone Facies in the 
study area is less than 5 metres (MQ-2 and MQ-8 w ells) representing small patch 
reefs.
Low energy lime mudstone-wackestone assemblages were deposited in a back­
reef lagoonal zone, while organic bindstone associated with grainstone was deposited 
in a reef flat zone. The presence o f frequent abraded and broken organic skeletal 
grains in the low  energy environment (back-reef) is considered to indicate periodic 
transportation to the site o f deposition possibly from a nearby relatively high energy 
reef flat zone. Sporadic miliolids may indicate protected lagoon and back-reef 
environments with limited access to the open sea. An influence o f nearshore current 
activity occurred locally providing the 1% to 30% o f quartz grains within the
limestone, especially in the MQ and P Fields (i.e. biostromal conditions, not an 
upstanding reef).
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The petroleum w ells available for this study all com e from the central portions 
o f the carbonate build-ups forming the Mid Main Carbonate. The only field where 
lateral and vertical facies within the Mid Main Carbonate sequence in the study area 
could be assessed is in the four w ells representing the MQ Field. Figure 3.16 shows 
a north-south facies correlation through the MQ Field where the lowest part o f the 
M id Main Carbonate sequence consists o f the Algal Coral Foraminiferal Limestone 
Facies which was deposited in a high energy shallow marine environment on the 
Rengasdengklok High. This facies is dominated by medium- to coarse-grained 
skeletal packstone and represents an extensive carbonate shoal. In the southern and 
eastern parts o f the MQ Field, this limestone facies gradually changes upwards into 
the Coral Foraminiferal Limestone Facies (MQ-5 and MQ-8 wells). This second 
facies is dominated by coarse-grained packstone representing high energy backreef 
sediments that probably accumulated as a sand-flat facies that accumulated on the lee 
side o f  the reef flat. To the north the basal Algal Coral Foraminiferal Limestone 
Facies passes upward into the wackestone o f the Foraminiferal Limestone Facies 
which represents a quiet water protected marine environment (probably backreef 
lagoon) with local development o f the Coral Limestone Facies in both the north and 
south. This Coral Limestone Facies represents small coral patch reefs dominated by 
corals which grew in the backreef lagoon and were surrounded by a zone o f coarse­
grained coral packstone. This facies arrangement suggests that the main reef core 
lay to the south or southeast in a region o f northward directed prevailing waves and 
clear water currents (Fig. 3.17). This would account for the progressive fining o f  
carbonate facies northwards and the sparse thin occurrence o f reef facies and reef- 
derived detritus in this direction.
The P-Field in the western part o f the Mid Main Carbonate area (Fig. 1.2) is a 
com plex reefal buildup which probably also includes the MP, MH and the two small
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carbonate highs 2-3 km farther northwest. The only samples available for the 
present study came from the MH-1 well but the remainder of the area had previously 
been analysed by Bruinsma (1982) based on petrographic observations on mostly 
cutting samples from 7 exploratory wells (PI, P3, P4, P6, P7, P9 and P10). A 
reinterpretation of his carbonate facies data from well logs is summarized in Figure 
3.18 and an interpretation of the carbonate facies distribution for the P-Field area is 
shown in Fig. 3.19.
The Mid Main Carbonate in the P-Field area is distinctly different from all the 
wells available for this study from the eastern part of the Mid Main Carbonate area. 
In the P-Field area the Mid Main Carbonate is not well developed and is split into 
two thin, but widespread, carbonate sheets mainly composed of Foraminiferal 
Limestone and Algal Foraminiferal Limestone Facies. These carbonate sheets are 
separated by a thicker interval of sandstone and shale that wedges out towards the 
south and southeast.
The two carbonate horizons, at the base and top of the Mid Main Carbonate, 
can be continuously traced over the area (Fig. 3.18). The basal limestone sequence 
shows a southward facies change from the northern Foraminiferal Limestone Facies 
into an Algal Foraminiferal Limestone Facies between P-7 and the P-4 and P-9 wells 
and between P-10 and P-9 (not shown in the figures). The Algal Foraminiferal 
Limestone Facies appears to have formed a continuous sequence from the P-3 to P­
9 and P-4 wells. Most of the basal carbonate is dominated by wackestone or 
packstone textures, but in the P-9 and P-10 wells this unit is represented by a 
coarser and cleaner Algal Foraminiferal grainstone. In the upper limestone interval, 
the Mid Main Carbonate consists entirely of the Foraminiferal Limestone Facies. 
The area around the P-9 and P-10 wells again consists of a coarser and cleaner 
facies of grainstone which grades out into packstone towards the north and northeast
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Both Foraminiferal Limestone and Algal Foraminferal Limestone Facies 
thickens considerably in a southerly to southeasterly direction. In the P-3 w ell the 
upper Foraminiferal Limestone Facies directly overlies the Algal Foraminiferal 
Lim estone Facies o f the basal interval. In this area the sand/shale facies pinches out 
between P-9 and P-3 wells.
A  more com plex facies relationship becomes apparent when the Mid Main 
Carbonate in the P-Field is correlated with the MH-1 w ell (Fig. 3.18). The shale 
and sandstone unit in the middle o f the Mid Main Carbonate again pinches out 
between the two w ells. The carbonate sequence thus increases in thickness to the 
south (towards M H-1) where a wide range o f carbonate facies have been recognised  
in the present study. The greater number o f carbonate facies in the MH-1 w ell 
compared with the P-3 w ell may be real, but it may reflect the larger number o f  
available samples, including core samples, that were used in the present study. In 
the MH-1 w ell, carbonate deposition started with the Foraminiferal Limestone Facies 
which is much coarser grained than in the rest o f the P-Field. In this w ell it 
consists o f packstone to rudstone and floatstone but these facies generally contain 
com m on micrite matrix. Coral debris is common at the top o f both the upper and 
lower carbonate units forming the wackestone to packstone and minor grainstone, 
floatstone, rudstone and framestone o f the Coral Foraminiferal Limestone and the 
coarser A lgal Coral Foraminiferal Limestone Facies. Depositional conditions for all 
these coarse carbonate facies indicate a high energy shallow marine environment 
adjacent to a coralline reef or reef flat. However, periods o f lower energy are
reflected by the presence o f micrite matrix in most units. This suggests that the 
coarse debris was washed over the reef crest during storm periods and the micrite 
could accumulate in the large intergranular pores during calmer weather.
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In the P-2 well to the northeast of P-10, (Bruinsma, 1982) observed that the 
two limestone horizons (at the base and top) comprise Coral Foraminiferal and Coral 
Algal Foraminiferal Limestone Facies. The presence of coral debris suggests some 
form of coral growth in the area, but a clear reefal facies is not found. These two 
calcarenite facies were probably deposited in a backreef sand flat environment.
Figure 3.19 shows the interpretation of reef environment in the P-Field area. 
The postulated reef crest zone is located in the southern and southwestern part of the 
field where coralgal facies with grainstone and rudstone textures dominated the reef 
build-up. To the northeast of the reef, the backreef sand flat zone is composed of 
Foraminiferal and Algal Foraminiferal grainstones. The backreef lagoonal zone, the 
area enclosed by the reef-flat zone to the north-northeast, is dominated by the 
presence of wackestone-packstone Foraminiferal Limestone and Algal Foraminiferal 
Limestone Facies. The reef crest and adjacent high energy backreef environments 
should represent the cleanest zone where any carbonate mud has been swept away by 
the strong water agitation and deposited in the backreef environment. These areas 
should have the greatest porosity in the Mid Main Carbonate and are expected to be 
good petroleum reservoir rocks.
3.9.3 Comparison with modern carbonate environments
Modem coralgal reefs in open shelf environments have been referred to as 
bioherms, patch reefs, reef mounds, knoll reefs and banks (James, 1983). At the 
present time, patch reefs are common in shelf lagoons behind marginal reefs, as in 
the Great Barrier Reef and in the Seribu Island reefs for example.
The depositional environments of the Mid Main Carbonate build-up show 
similarities with the Quaternary sedimentation on a carbonate shelf in South Florida 
studied by Enos & Perkins (1977). Reefs which grow along the shelf margin are
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dominated by corals and calcareous algae. Much o f the skeletal debris is 
concentrated behind the reefs in back-reef talus piles. Shoreward o f the shelf 
margin, there are patch reefs and skeletal sand shoals and these give way to 
bioturbated muddy sands and sandy muds in the quieter water inner shelf. Lime 
mud is largely derived from the disintegration o f calcareous green algae. Tidal flats 
and mangrove swamps are irregularly developed along the shoreline and around the 
Florida Keys. The facies pattern on the South Florida shelf is thus one o f shelf- 
marginal reefs (framestone-boundstone) and carbonate sands (oolitic and skeletal 
grainstone), giving way to skeletal packstone and wackestone o f the protected inner 
shelf lagoon, with skeletal mudstone forming the mud-banks and tidal flat facies 
along the shoreline.
The facies in the Mid Main Carbonate can also be equated to some o f the 
facies described from the Great Bahama Bank which lies to the east o f the Florida 
Straits. Detailed studies o f the Great Bahama Bank were provided by Purdy (1963), 
N ew ell et al. (1959) and Bathurst (1975). The main differences are in the size o f  
the reef and the presence o f the deep channels surrounding the Great Bahama Bank.
The Great Bahama Bank, which is situated on the Great Bahama Platform, is 
much larger than the Mid Main Carbonate reefs. It is about 700 km long (north- 
south trending) and has a width o f 140 km, while the Mid Main Carbonate reefs 
reach a maximum size o f about 14x8 km (P Field, Figs 1.2 & 3.19). The Bahama 
Bank is surrounded by channels with the depths ranging from 600 m up to 3500 m, 
w hile the Mid Main Carbonate is considered to have a similar morphology to the 
present Seribu Island reefs and would have been bordered by channels approximately 
35 m to 60 m deep (see Fig. 1.2).
The lim estone facies on the Great Bahama Bank comprise reef, coralgal, oolitic, 
grapestone, oolite, pellet mud and mud (Fig. 3.20). The reef and coralgal facies
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were deposited under high energy condition zone around the bank margin (reef crest 
zone); moderate energy water zone is represented by oolitic, grapestone and oolite 
(reef flat zone); and the quiet, low energy water zone is occupied by the muddy 
sediments (backreef lagoonal zone). The presence of the oolitic facies suggests 
constant agitation of the water under tidal action.
On the basis of size, the Mid Main Carbonate reef can be more approximately 
compared to the platform reefs in the Great Barrier Reef complex in northeastern 
Australia. It shows a great similarity in size, facies and depositional environment to 
the group of platform reefs in the northern Great Barrier Reef (e.g. Carter Reef for a 
specific example; Fig. 3.21). This region has been studied by Maxwell (1968), 
Davies & Martin (1976) and Flood & Orme (1988).
In general, the northern Great Barrier Reef comprises four major zones: a line 
of barrier reefs situated on the outer edge of the shelf, a mid-shelf zone of reefs, an 
inner-shelf zone of low wooded island reefs with sand cays, and mainland fringing 
reefs developed along the coastline. The Carter Reef (Fig. 3.21), which is developed 
within the outer shelf, has the following reef zones: reef crest, rubble bank, reef flat, 
shallow lagoon, back reef and coral patch reefs (Flood, 1984). Reef crest and rubble 
bank face the prevailing winds and waves, and represent high energy conditions 
which promote the growth of encrusting coralline algae and corals (living corals and 
coral rubble). The moderate water energy behind the reef crest is occupied by a reef 
flat, consisting mostly of dead corals, and the quieter water backreef environment is 
dominated by calcareous sandy and silty sediments (muddy sand) and the growth of 
small coral patch reefs. The size of Carter Reef is about 3x6 km. The inter-reef 
channels are characterized by the presence of terrigenous sediment influx (siliceous 
sand, silt and clay) which comprises between 45% to 70% of the sediment (Flood & 
Orme, 1988). This terrigenous sediment is transported by river and wind to the
59
inner-shelf and near-shore environments. The Mid Main Carbonate reefs were also 
influenced by terrigenous sediment which may relate to river systems discharging 
siliceous detritus into the inner shelf area. This is indicated by the presence of 
quartz grains forming up to 30% of the Coral Foraminiferal Limestone Facies in the 
MQ-5 weU.
The Mid Main Carbonate build-up can also be compared to the Seribu Island 
group of modem reefs located farther northwest from the study area. The latter have 
a common occurrence of molluscs and Halimeda. The Seribu Island reefs can be 
divided into three major sedimentary facies (Scrutton, 1976): Coral Molluscan Facies, 
Coral Molluscan Algal Facies and muddy sediments. The Coral Molluscan Facies, 
includes the sand cay, reef flat and lagoon physiographic zones. It is characterized 
by well-sorted coral detritus and is dominated by skeletal sands with abraded grains 
indicative of a high energy environment. Coral again dominates the Coral Molluscan 
Halimeda Facies on the reef flank, but this is a poorly-sorted facies with a notable 
absence of abrasion. Mixing of sediment begins in the muddy facies (shelf facies) 
which consists of muddy sediments with abundant skeletal debris of dominantly 
molluscs and foraminifers. The high mollusc content in the sedimentary sequences 
forming the Seribu Island Reefs is atypical of older Indonesian reefs (including the 
Mid Main Carbonate reefs) since no such high molluscan content has been recorded 
in any Neogene reef in Indonesia. The abundant growth of molluscs may be caused 
by a faunal change in relatively recent geological times resulting in the expansion of 
the molluscan communities.
Based on the facies distribution shown on Figures 3.16 to 3.19, the Mid Main 
Carbonate is interpreted as a series of reefal deposits which probably developed on a 
carbonate platform in a shallow marine shelf environment. In the MQ-Field the 
Coral Limestone Facies is regarded as indicative of reefal growth in a reef flat zone
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(its position in the MQ-2 to MQ-8 wells suggests that the exposed reef margin lay to 
the east or south). Towards the west the facies gradually changes into the packstone 
of the Coral Foraminiferal Limestone Facies (MQ-5 well) and into the wackestone of 
the Foraminiferal Limestone Facies (MQ-3 well). These facies are interpreted as the 
backreef lagoonal zone with energy levels decreasing westward (Fig. 3.17). The 
highest water energy environment (windward), which is characterized by the prolific 
growth of corals (reef crest zone) probably occupies the outer southeastern margin of 
the MQ Field. This environment would represent the cleanest reef zone with the 
highest porosity potential. The mud was winnowed away from the reef zone by the 
current and wave activity and deposited under quiet water conditions in the backreef 
lagoon or in the deeper portion of the forereef slope. A similar environmental 
setting has been proposed for the P-Field with the reef crest in the south and a 
progressively finer sequence of facies occurring in a northward direction.
3.9.4 Age of the Mid Main Carbonate
To more precisely determine the age of the Mid Main Carbonate sequence five 
samples from the MH-1 and MY-1 wells were chosen for foraminiferal analysis. Of 
the five samples, three were from the upper part of the sequence in the MH-1 well 
at depths of 678.2 m (2225 ft), 681 m (2234 ft) and 688.5 m (2259 ft) respectively. 
The other two samples were also from the upper part of the sequence - 837.3 m 
(2747 ft) and 850 m (2789 ft) - in the MY-1 well. The identified fossil content in 
each sample is given in Table 3.4.
The planktonic foraminiferal assemblage from the MY-1 well (837.3 m) 
indicates an age of late Early Miocene to early Late Miocene, i.e. N6 to N15 age on 
the Blow planktonic foraminiferal zonation (Table 3.6). The assemblage from MH-1 
at 688.5 m suggests a more restricted late Middle Miocene time interval (N14) based
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on the rare occurrence of Hastigerina praesiphonifera (Table 3.5). The larger 
foraminifers also indicate an age of Middle Miocene, i.e. Tfl - Tf3 age on the 
Clarke & Blow Tertiary Letter Stage Classification (Table 3.7).
Planktonic foraminifers were sparse or even absent in some of the samples 
studied. This could suggest a closed lagoonal or backreef environment of deposition 
for some of the carbonate sediments. Such environments are unfavourable for 
planktonic foraminifers. The age of the Mid Main Carbonate build-ups can be 
assessed, from the combined planktonic and benthonic foraminiferal analyses, to be 
Middle Miocene, probably late Middle Miocene.
This age determination based on the foraminiferal assemblage range zone agrees 
with the result from nannoplankton analyses done by ARII which gave a Middle 
Miocene age (NN5-NN9 using the Martini nannoplankton zonation or CN4-CN7 
using the Okada & Bukry nannoplankton zonation; Suherman & Syahbuddin, 1986).
3.9.5 Sea level changes
At the end of the Mid Main interval, sea level dramatically dropped (in excess 
of 100 m) and a shale facies was then deposited to form the Post Main interval. 
This sea level fall can be equated to the major regression at the top of the 
Serravallian (about 10.5 Ma) on the eustatic sea-level curve of Haq et al. (1988; Fig. 
3.22). Major sea level changes, even though they are not necessarily global (Vail et 
al., 1977), must have an extremely strong glacio-eustatic influence and can imprint 
synchronous events on entire ocean basins, including the Northwest Java Basin. The
10.5 Ma sea level fall and resultant facies change can clearly be seen in the gamma- 
ray deflection. When gamma-ray log reaches the top of Mid Main Carbonate 
sequence, its deflection changes abruptly from the left (carbonate facies) to the right 
(shale facies; see Figs 5.1 to 5.10). During Mid Main Carbonate deposition (late
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Middle Miocene) sea level rose and fell twice as recorded by Haq et al. (1988; 13.8­
10.5 Ma). These sea level changes clearly affected the Mid Main Carbonate 
deposition, particularly in the P-Field. In the P-Field the Mid Main Carbonate 
deposition (Foraminiferal Limestone and Algal Foraminiferal Limestone Facies) was 
interrupted by a sea level drop (12.5 Ma) with the resultant progradation of siliceous 
intertidal sandstone/shale deposits with thin beds of ?supratidal dolomitized 
wackestone and subtidal foraminiferal grainstone (Bruinsma, 1982). The subsequent 
rise in sea level towards the end of the Mid Main Carbonate interval (11.6 Ma) led 
to the restoration of a similar carbonate facies (Fig. 3.18b). The sea level changes 
would also have affected carbonate deposition in the remainder of the Mid Main 
Carbonate area, but clear evidence from the core samples was not recorded. 
However it is reflected in the common occurrence of fresh water phreatic diagenetic 
features in most samples (see Chapter 4).
3.9.6 Relationship of Porosity and Permeability to Lithofacies
In the Mid Main Carbonate the distribution of porous and permeable zones is 
quite scattered and the porosity and permeability values change rapidly from one part 
of the sequence to another. This irregularity partially reflects the energy levels of 
the depositional facies but was probably mainly controlled by diagenetic events since 
rocks which have undergone intensive dissolution have higher measured porosity and 
permeability values than those which suffered less dissolution. The facies richest in 
aragonitic bioclastic constituents (corals and molluscs) has suffered the most intensive 
dissolution (probably in the fresh phreatic environment) and tends to be the facies 
with the greatest potential for petroleum exploration.
The relationships between measured porosity and permeability values for each 
limestone lithofacies are clearly shown on Figures 3.23-3.27 and allow evaluation of
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the reservoir quality for the bulk rock in each lithofacies. Within the five major 
lithofacies in the M id Main Carbonate, the Foraminiferal Limestone Facies is seen to 
represent the best potential reservoir rock (Fig. 3.23). This facies shows a wide 
range o f porosity (5% to 36%; mean 22.6+9.2% ) and permeability (0.1 md to 
475 md) values but in general it has good porosity (>10%) and permeability 
(>100 md). The Algal Coral Foraminiferal Limestone Facies shows a similar range 
o f porosity (mean 19.1+6.8% ) and permeability values to the Foraminiferal Limestone 
Facies but a greater proportion o f samples from this facies have lower porosities 
(Fig. 3.24). The Algal Foraminiferal Limestone Facies generally shows a good  
porosity (m ost samples >24%; mean 28.3+4.6% ) but the pore throats tend to be w ell 
cemented and all permeabilities are less than 40 md (Fig. 3.25). The Coral 
Foraminiferal Lim estone Facies generally has a lower reservoir potential than the 
previous three facies and although porosities are up to 27% (mean 15.2+8.0% ) a 
large proportion (55%) o f the samples have a permeability o f less than 1 md (Fig. 
3.26). The analysed samples from the Coral Limestone Facies also show low  
reservoir quality (Fig. 3.27) with this lithofacies having the lowest average porosity 
(mean 13.7+7.5% ) and a low  mean permeability value.
The Coral Limestone Facies, which could have been expected to be the best 
lithofacies for a petroleum reservoir since it consists o f the cleanest and coarsest 
carbonate facies containing very little clastic or muddy sediment, actually shows the 
worst reservoir characteristics. This is probably due to the intensive cementation in 
this facies during diagenesis. In contrast, the Foraminiferal Limestone Facies, whose 
texture is dominated by wackestone and packstone shows a better porosity and 
permeability distribution than the other facies. This is probably due to water 
migration through the muddy sediment leading to extensive dissolution o f skeletal
material and cem ent in this lithofacies.
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3.9.7 Seismic sections
A detailed seismic stratigraphic analysis of the Mid Main Carbonate area was 
beyond the scope of this thesis because Pertamina (Indonesian government oil 
company) only permitted four seismic lines to be used (Fig. 3.28). In addition these 
seismic lines did not tie in with the available sonic well logs and hence synthetic 
seismograms, a cornerstone of seismic stratigraphy (Hardage, 1985), could not be 
constructed. This study was, therefore reduced to a superficial look at the available 
seismic data.
In the four available seismic profiles the Mid Main Carbonate can be seen to 
be conformable on the underlying succession. The lateral continuity of the seismic 
reflectors indicates a fairly uniform sequence over wide areas and is typical of 
limestone-shale boundaries (Anstey, 1982). The generally low sonic velocity 
(-3000 m/s) in the Mid Main Carbonate is consistent with the high porosity through 
much of this unit as deduced from downhole logs (see Figs 5.1-5.15). This is also 
consistent with the moderate mouldic and vugular porosity recorded in most of the 
coarser lithofacies throughout the Mid Main Carbonate area (see section 3.2). The 
irregular reflection off the top of the Mid Main Carbonate, especially in the reefal 
structures, may indicate irregularities in their surface morphology.
Seismic line 2076 (Fig. 1.3) crossed the southern MH portion of the P-Field in 
an east-west direction. In the inter-reef area the Mid Main Carbonate is clearly 
defined by two main reflectors indicating a significant velocity contrast, and hence 
lithological break, between the carbonate and the overlying and underlying sequences 
On passing through the main part of the reefal build-up the seismic character 
becomes more diffuse but a number of internal reflectors are still present and could 
represent lithological breaks or possible direct hydrocarbon indicators (DHI) from gas 
at the top of the trap. Initiation of carbonate sedimentation in the build-up areas
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probably occurred on a slight sediment-draped basement high, although at the Mid 
Main Carbonate level this could be a compaction induced structure formed in the 
underlying Tertiary strata. The basement high does not represent a seismic pull-up 
caused by the presence of the reefal carbonate since the latter is about 100 m thick 
and only exhibits a sonic velocity of about 3000 m/s which would only give a 
13 ms pull-up. The basement high on the MH structure was not related to faulting 
at the time of sedimentation. The build-up, therefore, appears to represent atypical 
vertically accreting carbonate reefal sequence. The edges of the build-ups give 
particularly poor seismic reflections which may be an indication of their massive 
internal structure and irregular surface relief. A possible onlap of the overlying shale 
strata can be detected on either side of the main MH build-up (Fig. 1.3).
On seismic line 2280 the seismic reflector quality decreases between the 
carbonate build-ups which may be taken to indicate a reduced velocity contrast in 
these areas where the Mid Main Carbonate is thin and probably silty. No well 
control data were available off structure to confirm this hypothesis. Around the MQ 
Field and between this field and the MZ build-up there is clear evidence of an onlap 
relationship between the carbonate build-ups and the overlying shale (Fig. 3.29). 
This confirms that the carbonate build-ups had a positive relief at the time of 
deposition which is consistent with the sedimentological deductions of a reef model 
(see Fig. 3.17). Thus the limited seismic data are consistent with the petrological 







The sedimentary build-up of the Mid Main Carbonate facies evolved 
progressively through various reef associated morphologies. This evolution was 
interrupted by a period of emergence during which fresh water aquifers and 
diagenesis developed. Thus, extensive and varied diagenetic alteration has modified 
the depositional characteristics of these Middle Miocene rocks.
A sequence of diagenetic events was interpreted using petrographic data, as 
well as X-ray diffraction (XRD) analyses and Scanning Electron Microscopy (SEM). 
The latter equipment also utilized Energy Dispersive X-ray (EDAX) spectrometer 
analysis. In the SEM, the atoms of the mineral being analyzed are ionized by the 
primary electron beam. The ionization excites electrons in the inner shells of the 
atoms and the released energy can be detected and analysed. During analysis any 
major element in the sample will yield a peak on the EDAX spectrum. 
Semiquantitative analysis of the main elements in a mineral can be achieved by 
interpreting the peak heights of the elements on the EDAX graph.
Staining was also employed on most thin sections for carbonate mineral 
identification. In this study staining followed the method of Dickson (1965). 
Alizarin Red S mixed with potassium ferricyanide diluted in low concentration HC1 
(1.5%) will stain calcite pink to red, ferroan calcite purple to blue, and leave 
dolomite colourless.
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In this study the diagenetic features of the carbonate minerals are described by 
using the terminology of Folk (1965) and Longman (1980). The porosity 
nomenclature is based on Choquette & Pray (1970) and Longman (1982).
The diagenetic modification of the Mid Main Carbonate rocks took place in 
three general environments: submarine, subaerial and subsurface. Each environment 
involves a number of particular characteristic diagenetic processes and yields a range 
of diagenetic products.
All the diagenetic events and environments recorded from the study area are 
summarized in Table 4.1.
4.2 SUBMARINE DIAGENESIS
The submarine environment refers to the area at or slightly below the sediment- 
water interface where diagenetic processes occur at the same time as reef growth and 
carbonate sedimentation. Soon after the carbonate sediments were deposited,
therefore, physical, chemical and/or biological processes start working upon them 
while free interchange between the pore water and sea water is still possible. 
Diagenetic processes that take place in a submarine environment include the 
following.
4.2.1 Neomorphism
Neomorphism is the transformation between one mineral and itself or a 
polymorph (Folk, 1965). Folk (1965) furthermore stated that the process of
neomorphism involves inversion and/or recrystallization, where the original material 
is unknown, and the change in form with composition is essentially constant.
In the Mid Main Carbonate lime mudstone was deposited as carbonate mud. 
Recrystallization of carbonate mud (micrite) to finely crystalline calcite (microsparite)
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obliterated the original crystal form and produced an interlocked fabric of equant 
crystals. This indicates that former crystals have been consumed and replaced by 
new crystals of essentially similar chemical composition (Folk, 1965). Thin sections, 
studied with moderate to high magnification, show the replacement of original 
carbonate mud by microspar or pseudomorphic calcite (Fig. 4.1). Such 
recrystallization may have taken place continuously through the diagenetic history.
Some bioclasts, originally made of high-magnesium calcite (mostly larger 
foraminifers) or aragonite (mostly corals, gastropods and bivalves), were 
neomorphically altered to microspar or spar calcite (polymorphic transformation - 
termed inversion by Folk, 1965). The resultant crystals exhibit the familiar features 
of an equant calcite mozaic (Fig. 4.2).
4.2.2 Micritization
Micritization is the process where, under a shallow marine environment, detrital 
grains are partially or totally altered to an homogeneous microcrystalline (micritic) 
fabric (Scoffin, 1987). The original crystalline textures of the grains are destroyed 
on total micritization. Folk (1965), Bathurst (1966) and Harwood & Moore (1984) 
stated that micritization may have resulted from repeated microboring (by algae or 
fungi) into the grain perimeter.
Some non-skeletal blue-green algae bore into skeletal material (endolithic 
algae). The borings are filled with micrite after the death of the algae (Fig. 4.3). If 
the process continues, the margin of a shell fragment may become completely 
replaced by micrite. If this micritization process affects the entire margin of the 
shell it produces a feature termed a micrite envelope (Bathurst, 1966).
Micrite envelopes may be left as ghost structures after the dissolution of the 
remainder of the grain. Thus the total dissolution of an aragonite or high-Mg calcite
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grain will only leave a recognizable void if there is a stable envelope around the 
grain that resisted solution and acted as a mould (Bathurst, 1975). These presumable 
low-Mg calcite envelopes are now stabilized to calcite. Figure 4.4 shows micrite 
envelopes preserving molluscan fragments during diagenesis. The original aragonite 
material has been completely dissolved and the mould, outlined by a thin envelope, 
was then filled partly by micrite and partly by microspar cement.
Micritization is a widespread process which affected the Mid Main Carbonate 
soon after deposition. Most of the skeletal organic components (mainly coralline 
algae and large benthonic foraminifers) underwent this micritization process (Fig. 
4.5).
4.2.3 Marine cementation
Marine cementation, together with internal sediment production and 
bioturbation, has been proposed as an important process in the early diagenetic 
marine lithification within the reef environment (James & Klappa, 1983; James & 
Choquette, 1983; Walls & Burrowes, 1985; and Schroeder & Purser, 1986) but also 
occurs in cool water shelf carbonate sequences.
Marine cements, which can be observed in the carbonate rocks studied, include 
common micrite, bladed isopachous calcite and radiaxial fibrous calcite.
(a) Micrite
As mentioned previously, micrite is a synsedimentary or early diagenetic 
product that accumulated or formed as soon as the sediment was deposited within the 
marine environment. Micrite, which was determined by using SEM as a
microcrystalline cement with a size of less than 5 pm, occurs predominantly as an 
internal sediment filling primary pores. Using a transmitted light microscope micrite 
is characterized by a dark microcrystalline appearance.
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In all the limestone facies studied micrite is widely distributed as a carbonate 
matrix, especially in mudstone, wackestone and packstone textures.
(b) Bladed fibrous calcite
The characteristic feature of this calcite cement is that it forms finely bladed 
isopacheous crystals and, when the microscope stage is rotated, it does not show 
undulose extinction. It can be identified clearly by using a transmitted light 
microscope under moderate to high magnification. Under SEM this calcite appears 
to be well-defined, with the bladed crystals having an elongate form where the 
average crystal length is 30 pm to 60 jam and width is 10 jam to 20 jam. These 
crystals grow more or less perpendicular to the margin of skeletal grains or voids 
(Fig. 4.6). The presence of magnesium in ED AX analyses suggests that the
elongate-shaped crystals are composed of high-Mg calcite cement. This high-Mg 
calcite cement is suggested to have been of marine origin since the crystals represent 
a first generation cement, formed around the detrital grains and primary pores before 
other cements were deposited. '
This elongate form of high-Mg calcite has been studied by Folk (1974). He 
developed a model in which the calcite crystal growth habit was a function of the 
Mg/Ca ratio. When a Ca ion is replaced by a Mg ion (the ionic radii of Mg being 
smaller than that of Ca) the edge of the growing crystal will have a lattice distortion, 
and ultimately lead to the elongation of the crystal in the C-axis direction. 
Furthermore, Folk (1974) suggested that marine waters, which are generally 
characterized by high Mg/Ca ratios, tend to yield elongate crystal shapes while 
meteoric waters, marked by low Mg/Ca ratios, tend to produce equant crystal shapes 
(Fig. 4.7).
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The bladed fibrous calcite occurs commonly in all limestone facies throughout 
the study area as a thin rim of cement covering the skeletal grains (especially on 
foraminiferal grains).
(c) Radiaxial fibrous calcite cement
Radiaxial fibrous calcite occurs sparsely in the Mid Main Carbonate and has 
only been found in a small number of samples. The characteristic feature of 
radiaxial fibrous calcite is the appearance of curved twin lamellae which are 
responsible for the undulose extinction when the microscope stage is rotated. The 
cement is composed of bundles of radiating acicular, nearly parallel-arranged crystals 
(palisade fabric; Fig. 4.8). Individual crystals reach a size of about 1.2 mm to 8 mm 
long and 0.5 mm to 1 mm wide.
This calcite cement is similar to the radiaxial fibrous calcite described by 
Kendall (1985) who suggested that this cement was originally precipitated as a high­
Mg calcite cement.
4.2.4 Internal sediments
Commonly, the primary interparticle (intergranular) porosity that remains 
following initial marine cementation has been further reduced or completely occluded 
by marine internal sediment. This internal sediment is commonly calcareous 
consisting of very fine skeletal material (lime mud, lime sand, micrite or microspar). 
Marine internal sediment also commonly fills borings (Fig. 4.3) and/or any primary 
pore voids where it may form geopetal fabrics (Fig. 4.9).
Both borings and intraskeletal pores of corals, foraminifers and molluscs 
commonly were filled with internal sediments. In some fillings, the skeletal detritus
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is clearly recognized and indicates emplacement of the filling prior to burial; other 
fillings are micrite and this may be partly a diagenetic product.
4.3 SUBAERIAL DIAGENESIS
Subaerial diagenesis occurs when sediments are exposed to atmospheric 
influences, either as a result of vertical accretion or relative sea level falls. As 
already mentioned previously, the age of the Mid Main Carbonate is Middle Miocene 
(N6 to N15 based on planktonic foraminiferal zonation). During this time interval 
two low stands of sea level may have influenced the Mid Main Carbonate deposits. 
These sea level falls are clearly recorded on the eustatic curve of Haq et al. (1988; 
Fig. 3.24) at about 12.5 Ma and 10.5 Ma. During these low stands of sea level, 
interbedded sandstone and shale facies were deposited within the western part of the 
Mid Main Carbonate and above the Mid Main Carbonate sequence (Bruinsma, 1982). 
Also the carbonate sediments were probably exposed to the surface and subsequently 
subjected to vadose and fresh water phreatic diagenesis. In the study area, no 
evidence of diagenetic products formed in the vadose zone was found. However, 
fresh water phreatic products are very common, and include features such as vugular 
dissolution and mouldic pores as well as cross-cutting and equant calcite mozaic 
cements. In such an exposed realm during a low stand of sea level, meteoric water 
plays a very important role in the diagenetic processes.
Exposure to a freshwater diagenetic environment has affected the Mid Main 
Carbonate in two main ways: dissolution and cementation.
4.3.1 Dissolution
The limestone of Mid Main Carbonate has been strongly affected by meteoric 
water diagenesis. Solution of carbonate occurs primarily in response to fresh water.
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Much of this water consists of meteoric water undersaturated with respect to calcium 
carbonate. The limestone, which originally consisted of aragonite and high-Mg 
calcite, is susceptible to dissolution in such meteoric water. As noted by James & 
Choquette (1984), during meteoric alteration dissolution is mineralogically selective. 
Groundwater undersaturated with respect to aragonite has preferentially leached 
aragonitic skeletal organic components ranging in size from small molluscan shells to 
large coral debris. On the other hand, some bioclastic constituents made of high­
Mg calcite, such as coralline algae and foraminifers, are largely preserved (Fig. 4.10) 
with minor dissolution usually being limited to the grain margins.
The effect of this dissolution process is frequently still well preserved as 
channel porosity, vugs and/or mouldic pores making a favourable reservoir for 
hydrocarbon entrapment. Mouldic porosity describes the fabric selective dissolution 
of particular recognizable grains or fossil fragments, such as seen in Fig. 3.11. 
Vuggy porosity on the other hand, results from the solution of matrix, cement or 
specific grain types where the vug boundaries cross-cut the fabric.
In the Mid Main Carbonate this process of dissolution probably occurred as a 
response to a change in the diagenetic environment from marine phreatic to fresh 
phreatic water (during a low stand of sea level).
Following the dissolution process, as soon as pore voids were created, 
cementation occurred resulting in the precipitation of spar calcite cement (i.e. a 
combined dissolution-precipitation process). However, not all porosity produced by 
dissolution has been occluded by cement, thus providing minor and localized mouldic 
and vuggy porosities in the preserved carbonate rock.
On wireline logs, limestone with extensive dissolution porosity is identifiable as 
a clean limestone (low gamma ray response) with good neutron porosity and the 
presence of a mud cake as indicated by the caliper log (Fig. 5.11).
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4.3.2 Cementation
Cementation in the freshwater phreatic environment most commonly involves 
precipitation of low-Mg calcite. Scoffin (1987) stated that meteoric waters generally 
have a low ionic strength; Ca levels are variable but Mg and Na are usually 
deficient. When unstable marine carbonate minerals (aragonite and high-Mg calcite) 
come into contact with meteoric water they undergo alteration to low-Mg calcite.
This low-Mg calcite cement is nearly ubiquitous in the limestone samples 
studied. Most remaining primary porosity was generally occluded with calcite 
cement. Even the secondary porosity acquired by dissolution and leaching was 
partially blocked by calcite cement in adjacent open primary pores.
Under a transmitted light microscope calcite cement is characterized by clear 
tabular crystals with irregular crystal boundaries, and under SEM coarse calcite
cement appears as blocky crystals.
\
On the wireline logs, zones with extensive calcite cement filling the pore voids 
are shown as clean limestone with a high bulk density and low neutron porosity.
The three common types of cement produced under fresh phreatic water in the 
Mid Main Carbonate are: equant calcite mozaic, drusy calcite mozaic and cross­
cutting calcite cement. All these cements affect the reservoir quality by reducing the 
available porosity and permeability.
(a) Equant calcite mozaic
This cement is characterized by a clear rhombic or blocky morphology. As 
previously mentioned, Folk (1974) proposed a model for calcite growth habits in 
which meteoric waters containing low Mg ion concentrations compared to Ca ion 
concentrations would tend to produce equant crystal shapes. The equant calcite
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cement infilled pore voids as a pore lining fringe or frequently occluded the whole 
pore as a blocky calcite mozaic.
Crystal size of the equant calcite cement varies from one pore to an other 
depending on the size of the void. It ranges from 20 Jim to 700 pm. Figures 4.11 
and 4.12 show various sizes of such cement.
This calcite fabric can be found in all limestone facies throughout the Mid 
Main Carbonate sequence and was probably precipitated from fresh meteoric water.
(b) Drusy calcite mozaic
The characteristic feature of drusy calcite cement is the increase in crystal size 
from the wall towards the centre of the pore void. Such cements are readily
recognized and are widely distributed over most of the Mid Main Carbonate 
sequence. Figures 4.13 and 4.14 show the features of drusy calcite cement under 
transmitted light microscope and SEM, respectively.
Drusy calcite cement is interpreted to result from the crystal growth in an open 
pore void in a freshwater phreatic environment (Friedman, 1964; Pittman, 1974; 
Tucker, 1981).
(c) Cross-cutting calcite cement
Cross-cutting calcite cement, in general, is a coarse equant calcite mozaic with 
crystal sizes up to 500 pm. A characteristic feature of cross-cutting calcite cements 
is that the walls of corals do not serve as a skeleton-cement boundary (Fig. 4.15). 
The calcite cement fills the primary voids of the organic skeleton in such a way that 
the crystals cross-cut the wall of the primary void. Such a fabric is commonly 
found in the coral skeletal fragments throughout the limestone facies where corals are 
present. This specific fabric has been studied by Pingitore (1976) and it is typical of 
coral transformation under freshwater phreatic conditions.
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4.3.3 Secondary dissolution
A second stage of dissolution occurred extensively in the Mid Main Carbonate 
leaving vugular pores (vugs) and occasionally channel pores.
Some vuggy pores in the limestone show no precipitation of any later mineral 
to partially to fill the pore (Fig. 4.16). These clean pores suggest that the late stage 
dissolution process was an important late diagenetic features. This late dissolution 
tended to enhance the porosity in the Mid Main Carbonate and possibly developed as 
a result of freshwater phreatic diagenesis related to the Quaternary low stands of sea 
level.
4.4 SUBSURFACE DIAGENESIS
The subsurface environment is an extensive zone occurring below the deeper 
reaches of fresh phreatic water and is unaffected by near-surface processes. The 
diagenetic processes that occurred in this subsurface environment involve the 
following features.
4.4.1 Fracturing
With moderate burial, some of the limestone was fractured and the fractures 
were subsequently infilled by carbonate cement during later diagenesis.
Several episodes of fracturing, with calcite fracture fills, are present in the MY- 
1 and MB-2 wells. Most fracture porosity has been occluded by coarse equant 
calcite cements, and only a few remain open (Fig. 4.17).
4.4.2 Cementation
Ferroan calcite is interpreted as the main carbonate cement formed during burial 
diagenesis. The characteristic feature of this cement is its purple to blue colour
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when it is stained using Dickson’s (1965) method. Under SEM the crystals appear 
to be similar to equant non-ferroan calcite cement. The difference is only shown by 
the presence of a high Fe peak in EDAX analyses. The crystals range from 30 pm 
to 200 pm in size and may show the characteristics of either equant mozaic or drusy 
mozaic textures (Fig. 4.18). Ferroan calcite cement is widespread through the Mid 
Main Carbonate.
4.5 DOLOMITIZATION
Dolomite is only a very minor to sparse mineral in the Mid Main Carbonate 
build-ups. It has been found in the MQ-2 well at depths of 946 m to 947.6 m 
(3104-3109 ft), the MQ-8 well at depths of 935.1 m to 936 m (3068-3071 ft), the 
MH-1 well at 688.8 m (2260 ft) and the MO-1 well at 832.4 m (2731 ft; Fig. 4.19). 
XRD analyses, however, show that trace amounts of dolomite (Fig. 4. 22) occur in 
almost every well at various depth intervals, although it is generally a very tiny 
peak.
Using SEM and transmitted light microscopy dolomite can be clearly identified 
by its well-developed rhombohedral (idiotopic) crystal fabric (Figs 3.6 & 3.7). In 
some samples dolomite is present in partially formed crystal (hypidiotopic) fabrics, 
and it can be identified with EDAX by its high content of magnesium (Fig. 4.19). 
Using Dickson’s (1965) staining method the dolomite remains colourless.
After the process of calcite cementation, the limestone was affected to a minor 
degree by dolomitization. The rhombic dolomite crystals have predominantly 
developed around the coral chambers replacing some of the calcite cement. The size 
of dolomite rhombs ranges from 30 pm up to 150 pm across.
Dolomitization in the Mid Main Carbonate sequence is commonly associated 
with the presence of mouldic pores, equant calcite cement and solution vugs
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produced during freshwater meteoric diagenesis, and internal sediments, neomorphic 
minerals and micrite of the submarine diagenetic environment. This association 
suggests that the dolomite may have been precipitated in a mixing zone formed at 
the contact of fresh water with normal sea water.
In order to form the dolomite in the mixing zone an area of freshwater 
recharge must exist so that meteoric waters can percolate into the subsurface and 
form a freshwater lens (Badiozamani, 1973; Folk & Land, 1975). The magnesium 
ions are derived mainly from seawater but some can also come from carbonate 
dissolved in the mixing zone.
4.6 CLAY MINERALS
Other diagenetic events that occurred during the diagenetic history of the Mid 
Main Carbonate include the development of clay minerals. Although only sporadic, 
kaolinite, illite and smectite are present as authigenic clay minerals in the limestone 
matrix.
XRD analyses show that minor kaolinite is present in some samples (Fig.4.23). 
SEM confirms this analysis where kaolinite occurs as face to face stacks of 
pseudohexagonal plates (book-like; Fig. 4.20). Individual crystals range from 5 jim 
to 10 jam in diameter and are 0.25 |im thick.
The presence of illite (in MXC-3 and MQ-2 wells) and smectite was 
determined using XRD analysis from some samples. They are only present in small 
amounts and are distributed locally in the limestone sequence (Table 3.2).
These clay minerals are interpreted to be authigenic minerals which have grown 
in the interparticle pore voids during freshwater phreatic diagenesis. The silica and 
aluminium (which form the silicate structure of clay minerals) were probably derived 
from terrigenous components, which are considered to be the major source of the
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insoluble residue found in bulk samples of skeletal grains (corals and other 
organisms).
4.7 EMPLACEMENT OF HYDROCARBONS
Under transmitted light microscopy some samples from MQ-5, MY-1, MXC-3 
and MB-2 wells showed the presence of oil trapped within mouldic, intraparticle or 
intergranular pores (Fig. 4.21). This emplacement of oil thus post-dates all other 
diagenetic features that occurred in these Mid Main Carbonate samples. When the 
oil migrated and occupied the pore voids of the carbonate reservoir the diagenetic 
processes may have been terminated.
4.8 DISCUSSION
The carbonate sequence in the study area has undergone three main stages of 
diagenesis, i.e. submarine diagenesis, subaerial diagenesis and subsurface diagenesis. 
Amongst the three, the subaerial diagenesis had the greatest influence on the quality 
of the reservoir rocks.
The diagenetic products from the three diagenetic environments are primarily 
neomorphism, micritization, dissolution and cementation. Dolomitization is only in 
an early stage but has affected the limestone to a minor degree. The formation of 
authigenic clays is only minor.
Most of the porosity in the carbonate sequence in the study area is of
secondary origin, although some of the intraparticle and interparticle porosities are 
relict primary features that have survived during the diagenetic history. Major
porosity types are intraparticle, vugular and mouldic. The development of this
porosity was largely controlled by the dissolution effects of percolating freshwater 
undersaturated with respect to CaC03. Vugular and mouldic porosities occur
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throughout the sequence as a result of dissolution of carbonate minerals due to the 
unstable physico-chemical nature of aragonite (e.g. corals, molluscs) and high-Mg 
calcite (e.g. foraminifers, algae). Such porosity can be eliminated by the deposition 
of later stage calcite cement.
Cross-cutting calcite cement, that can be clearly seen (under the microscope) in 
the scleractinian corals, is typical of freshwater cementation. This calcite cement is 
optically similar to the cement studied by Pingitore (1976) in the Pleistocene reef 
corals from Barbados, West Indies.
Subsurface diagenesis is indicated by the presence of ferroan calcite cement and 
fracturing due to compaction under overburden pressure. Several arguments 
concerning the formation of ferroan calcite have been written by many workers. It 
is generally agreed that reducing conditions are required, and that meteoric waters are 
involved (Scholle & Halley, 1985). Grover & Read (1983) suggested that formation 
of ferroan calcite occurs after a certain degree of burial and at temperatures of tens 
to about 100°C. Although reduced conditions can occur at the sea floor in some 
environments, Scholle & Halley (1985) indicated that a few metres to tens of metres 
of burial is commonly needed for pore waters to become reducing, which promotes 
the co-precipitation of ferrous-ion carbonate within the calcite and/or dolomite crystal 
structure.
The formation of authigenic clays in the Mid Main Carbonate sequence is only 
minor. Although they occurred only in a small number of samples and are not 
widespread, these clays may affect reservoir quality by reducing the permeability. 
During oil production, due to the pressure differential, the clay particles may be 
dragged out towards the perforation holes on the well. As the consequence, the clay 
minerals may block some of the tiny pore throats.
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The reef flat environment (represented by bindstone and/or grainstone) is highly 
cemented and recrystallized providing a tight zone of reservoir rocks. The back-reef 
(wackestone and packstone), in contrast, has been less diagenetically altered and 






This chapter discusses the petrophysical reservoir rock properties which directly 
affect the production of hydrocarbons. The most important physical properties, 
which primarily control fluid flow within a reservoir rock, are porosity, permeability 
and other factors related to pore geometry. Based on these physical properties, 
sedimentary rocks can be classified according to their quality as a petroleum 
reservoir.
Porosity is indicative of reservoir capacity for storing fluids; permeability is the 
ability of a rock to allow the fluid to flow; and pore geometry reflects the fluid 
distribution within reservoir.
Short and simple mathematical computations were performed using a hand 
calculator, while all graphical output and regression equations were produced using a 
"Cricket Graph" programme on the Macintosh computer facilities at the University of 
Wollongong.
Most of the physical attribute data provided by American Richfield Indonesia
k , . .
Inc. (ARH) and the core laboratory reports used in this study were given m non­
metric units. To convert the non-metric units to metric equivalents the following
conversion factors were used.
Non-metric unit to metric unit conversion factor
feet (ft) metre (m) x 0.3048
psi kg/cm2 x 0.0703
dyne/cm kg/m x 1.01971 x 10
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This chapter is composed of main three parts. The first part is concerned with 
evaluation of porosity and permeability (section 5.2), the second part deals with 
capillary pressure analysis using a mercury injection test (section 5.3) and the last 
part is related to the petroleum reservoir quality (section 5.4).
5.2 EVALUATION OF POROSITY AND PERMEABILITY
Porosity and permeability are essential parameters in reservoir rocks to allow 
the accumulation of hydrocarbons. In carbonate rocks the magnitude of porosity is a 
function of numerous petrographic aspects, such as grain size, shape and sorting, 
chemical and mineral composition, as well as matrix, cement and facies.
Pore formation in carbonate rocks may be linked to deposition in the original 
environment (primary porosity) or to later stages of diagenesis and post-depositional 
processes (secondary porosity). Porosities present today are the product of both 
depositional and diagenetic processes.
Permeability on the other hand is dependant on the free interconnection of pore 
networks within the rock.
The evaluation of porosity and permeability involves two major techniques: 
wireline log analyses and laboratory core analyses.
The evaluation of porosity and permeability using wireline log data involves all 
types of porosities present in the formation intersected by the well, including small 
inter-granular and intra-granular pores, fracture pores and larger caverns. This 
analysis of porosity also involves both consolidated and unconsolidated or even loose 
formations. The direct measurement of porosity and permeability (section 5.2.2) of 
the formation needs an intact core plug sample and may, therefore, represent the 
more competent portions of a porous formation. Such samples generally lack
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obvious fracture porosity or large scale interconnected vug or channel porosity. 
Measurements on such samples will, therefore, reflect the bulk rock mass but may 
not provide an accurate assessment of the overall porosity within a specified portion 
of the well. Likewise the capillary pressure testing (Section 5.3) was carried out on 
samples from the more tightly cemented zones and again will reflect the bulk rock 
characteristics rather than any large scale primary or secondary porosity. The overall 
porosity and permeability variations in the Mid Main Carbonate area can, therefore, 
be determined best from a combination of downhole wireline logs and direct 
measurement using a small plug-size sample in the laboratory.
5.2.1 Wireline log analysis
Well logs provide an indirect petrophysical method for determining various 
physical properties of the rocks. To obtain a well log a complex piece of electronic 
equipment (a sonde) is lowered down an open borehole at a constant rate while 
continuously measuring certain physical properties with respect to depth.
The well logs utilized in this study include calliper logs, spontaneous potential 
logs, gamma ray logs, resistivity logs and porosity logs. The porosity log is deduced 
from the combination of a density log, a neutron log and a sonic log. The gamma 
ray, resistivity and porosity logs are the most valuable logs for determining lithology 
and porosity in carbonate sequences.
The main purposes of analysing well logs in this study was to determine the 
porosity distribution within the Mid Main Carbonate and to correlate lithologies 
between wells.
The logs were generally available at two scales, 1:200 and 1:1000. The 1/200 
scale was chosen since it affords greater clarity. Details of the principles used for
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measuring wireline logs can be found in the Schlumberger Handbook (1968, 1969,
1972), Wyllie (1957) and Asquith & Gibson (1982).
The composite wireline logs (gamma ray - resistivity - neutron porosity) from
each well used in this study are presented in Figures 5.1-5.10.
5.2.1.1 Spontaneous Potential (SP) log
The SP log records the flow of ions between the fluid in the borehole (mud 
filtrate) and the more highly saline water in the formation. Electric current, arising 
from electrochemical factors within the borehole, creates the SP log response. The 
unit of measurement is expressed in millivolts and measurements are made from a 
base line.
On the log a well-defined base line, usually present on the right hand margin, 
corresponds to the "shale base line". If the salinity of the formation fluid is greater 
than that of the drilling mud, then the current enters the formation and a negative (to 
the left) deflection can be observed. Thus a negative potential is recorded. 
Although this deflection indicates the presence of saline fluids in a porous and 
permeable bed, there is no direct relationship between the amplitude of the deflection 
and the actual porosity or permeability.
The SP log is used to determine the position and thickness of permeable beds, 
and for correlation of permeable beds or sequences from one well to another.
5.2.1.2 Resistivity Log
Resistivity logs are used to determine permeable zones in subsurface rock 
sequences and to assess their fluid content, as well as to estimate the porosity of the 
rock. The basic principle of the resistivity log is that the rock’s matrix or grains are 
non-conductive, and hence the ability of the rock to transmit a current is almost
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entirely a function of the fluid content and conductivity in the pores. Hydrocarbons 
are also non-conductive, therefore, as the hydrocarbon saturation increases, the rock’s 
resistivity also increases.
The resistivity of a formation can be measured by many types of resistivity 
logs such as the microlog, laterolog, proximity log or induction log. The unit of 
resistivity is the ohm-metre.
Resistivity logs have been used for the following purposes: (i) lithological 
correlation; (ii) identification of lithology; (iii) location of bed boundaries; and (iv) 
estimation of porosity.
In this study the available resistivity logs were Deep Induction Logs (ILD) in 
combination with Spherically Focused Logs (SFL) or, in a few wells, with 
Microspherically Focused Logs (MSFL). The deep-reading induction log (ILD) is an 
induction device which focus the current and eliminates unwanted signals. A deeper 
reading of conductivity within the formation is achieved and more accurate values of 
true formation resistivity (Rt) are determined from this type of induction log. SFL 
and MSFL only measure shallow depths of investigation and are designed to measure 
the resistivity in the zone that has been flushed by drilling fluids (Rxo).
The resistivity log was run in combination with a gamma ray log, calliper log, 
self potential log and sonic log.
5.2.1.3 Gamma ray log
The gamma ray log measures the natural gamma radiation of a formation. The 
three main radioactive elements which contribute towards the natural radioactivity of 
the rock are potassium, thorium and uranium. The log is, therefore, useful in 
detecting and evaluating the concentration of these radioactive minerals in the rocks.
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In sedimentary formations the gamma ray log normally reflects the shale 
content of the formation. This is because the radioactive elements tend to 
concentrate in clay minerals and shale.
Gamma ray logs are usually calibrated in American Petroleum Institute (API) 
units. The radioactivities observed in sedimentary formations range from a few API 
units in anhydrite or salt, to 100 API units or more in shale.
The gamma ray log is particularly useful for:
(i) identifying the lithologies, especially shale sequences;
(ii) lithological and lithofacies correlation;
(iii) assessing the bed boundaries; and
(iv) calculation of shale volume.
5.2.1.4 Neutron Log
The neutron log measures the hydrogen-ion concentration in a formation and 
can be used as a porosity tool. If the pore voids in the formation are filled with 
water or oil, the neutron log measures the liquid-filled porosity. When pores are 
filled with gas, the recorded neutron porosity will be lower than the true porosity 
because gas has fewer hydrogen ions per unit volume than water or oil. Where clay 
is present, the recorded porosity is also too high, owing to the presence of bound 
water in the clay minerals.
All the neutron logs available were of a Compensated Neutron Log (CNL) type 
which are less affected by borehole irregularities. The CNL logs were calibrated for 
a limestone matrix and scaled in fractions ranging from 0 to 0.60 (i.e. 0-60%). The 
CNL log was run in combination with calliper, density and gamma ray logs.
89
5.2.1.5 Density log
The formation density tool measures the electron density of a formation, which 
is recorded as bulk density (g/cm3). Recent density logs (FDC) are compensated for 
effects of hole size. The compensated log is recorded with a correction curve 
(normally indicating + 0.25 g/cm3) which shows the amount of correction that has 
been applied to the bulk density trace. Because the tool measures bulk density, it 
records a combination of lithology and porosity response. In tight lithologies the 
density value can be read directly and used for lithological interpretation.
The density log is, however, affected by the presence of gas (when the 
measured density is too low). It is less affected by clay-response than the neutron 
log.
5.2.1.6 Sonic log
The sonic log effectively measures the speed of sound in the formation. It 
measures the interval transit time of a compressional sound wave travelling through a 
unit length of rock. The travel time is a reciprocal to the density of the rock and 
thus directly proportional to the porosity.
Sonic logs give a good estimation of porosity when the pores are uniformly 
distributed within the rock. Where pores are more irregular, such as solution vugular 
pores, the sound waves travel faster around the pores than through them. These 
types of porosity are, therefore, not measured by the sonic log.
The sonic log is a useful indication of lithology for non-porous rocks.
5.2.1.7 Calliper log
The calliper log is run to measure hole size in the well. The log gives an 
indication of hole enlargement which may help with the interpretation of lithology or
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aid fracture detection. In the case where the calliper records a diameter less than the 
bit size on the log, it is normally due to the result of mudcake build up, suggesting 
the presence of a permeable formation. Shale units are usually washed out giving a 
larger size signature than the bit size. A bit size of 31 cm (12.25 inches) was used 
to drill the reservoir interval and it is recorded on the log on the same track as the
gamma ray and calliper logs (the left-hand track).
Calliper logs have been used in conjunction with the gamma ray logs to assist 
with the identification of permeable and porous zones in the reservoir rocks.
5.2.1.8 Well logging response
Characteristic features of the Mid Main Carbonate sequence have been 
recognized by interpreting wireline logs. The top of this sequence is characterized 
by abrupt changes in the gamma ray and resistivity deflections. The gamma ray log 
gives a sudden deflection to the left on entering the top of Mid Main Carbonate 
suggesting a clean formation, while the resistivity signature deflects suddenly to the 
right indicating a possible hydrocarbon bearing zone. The base of the Mid Main 
Carbonate, in contrast, is characterized by the appearance of sudden gamma ray 
deflections to the right while the resistivity changes abruptly to lower values (to the 
left).
Almost the entire Mid Main Carbonate sequence gives a uniform log response 
with characteristic log signatures suggesting good reservoir rocks which have 
significant porosity and permeability.
On reaching the Mid Main Carbonate interval the gamma ray log deflects to 
the left suggesting low radioactive mineral content, which can be interpreted as clean 
carbonate rock free from shale. At several depths within the Mid Main Carbonate
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the log is punctuated by thin zones with high gamma ray responses indicating shaly 
influences.
Permeable beds can be interpreted from the calliper log signatures where a mud 
cake is formed (calliper signatures run leftward from the bit size), as in the MO-1, 
MQ-5 and MW-1 wells (e.g. Fig. 5.11).
In the absence of mud cake build-up on the calliper log, the SP deflection 
away from the shale base line can aid determination of the position of permeable 
zones, as in the MQ-2, MXC-3 and MY-1 wells (e.g. Fig. 5.12).
The presence of gas bearing formation is clearly detected by the sonic log in 
the MH-1 and MXC-3 wells (e.g. Fig. 5.13). In these two wells the sonic log 
(delta t) signatures through the Mid Main Carbonate intervals are strongly deflected 
to the left indicating porous zones filled with gas.
Possible hydrocarbon content can be interpreted by the presence of high 
resistivity values (because hydrocarbons are not conductive) where the resistivity log 
response kicks to the right. On the other hand, because the formation water is saline 
(i.e. conductive), it gives a low resistivity value for the reservoir rock so the 
resistivity curve runs to the far left of the log track.
When a deep induction resistivity log (ILD) is run simultaneously with a 
microspherically focused log (MSFL) in the same track the logs reveal a typical 
character on entering an oil zone. The ILD measures the deep resistivity of the oil 
bearing formation (true resistivity of the oil) while the MSFL measures the shallow 
resistivity of the flushed zone, where the mud filtrate may possibly be mixed with 
oil from the uninvaded zone, thus reducing the resistivity. As a consequence, in an 
oil zone the kicks on the two logs run show a significant separation from each other 
(Fig. 5.14).
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FDC and CNL logs were used not only to calculate the porosity of the 
limestone but also to interpret the position of the oil-, gas- and water-bearing parts 
of the formation. Separation of the FDC and CNL curves occurs when the CNL 
curve runs to the right (towards lower porosity) intersecting the FDC curve which 
runs to the left (towards lower density). In the gas-bearing formation the FDC and 
CNL logs give strong separation due to the lower density of gas compared with 
either oil or water. Oil will give medium separation whereas water gives little 
separation on the FDC and CNL curves and they are almost coincident. In the case 
where both oil and water are present in a well for which good quality logs are 
available, the oil-water contact can be determined by the characteristic features of the 
FDC-CNL curves.
Separation of the FDC and CNL curves can be clearly recognized in the MB-2 
well (Fig. 5.15). In other wells the separation is not so distinctive but in some 
depth intervals indications of hydrocarbons can still be traced.
5.2.1.9 Porosity evaluation
Pores are the spaces not occupied by grains, matrix or cement in a rock. They 
may contain water, oil or gas. The term porosity is the ratio of total pore space in 
the rock to its total volume (bulk volume). In general, porosity is expressed as a 
percentage and has the symbol 0.
total pore volume of the rock
Porosity (0) = ------------------------------------- x 100 (%)
bulk volume
A basic understanding of petrophysical properties of the rock allows the distinction 
of two types of porosity: absolute and effective. Absolute porosity is the percentage 
of total pores, whether or not the pores are interconnected, to the bulk volume of the 
rock. Effective porosity, on the other hand, deals only with the interconnected pores.
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Analysing porosity from wireline logs
Porosity can be analyzed using a number of different types of logs. The well 
logs most commonly used as porosity tools are the sonic, density and neutron logs. 
Because of the monotonous lithology composing the Mid Main Carbonate intervals 
(i.e. limestone) porosity calculations in this study were only carried out using a 
combination of neutron and density logs.
(a) Porosity from neutron (CNL) logs
The CNL logs available for this study were calibrated for limestone matrix. 
Because the lithology of the formation is limestone and the neutron log is recorded 
in apparent limestone porosity units, apparent porosity is equal to true porosity. 
However, for greater accuracy the combination of neutron and density logs was used 
in this study to evaluate porosity. This combination of logs is suggested to be a 
good method for determining porosity in carbonate reservoir rocks (Asquith & 
Gibson, 1982). Since shale is present in some intervals in the Mid Main Carbonate 
rocks, evaluation of shale volume, using the method of Poupon & Gaymard (1970), 
was carried out before calculating the porosity.
(b) Evaluation of volume of shale (Vshale)
The effect of shale content in a petroleum reservoir will reduce the accuracy of 
porosity values derived from well logs. When shale is present in a formation, the 
neutron porosity tool will give an inflated porosity reading. This is because of the 
presence of bound water in the shale. To calculate a good estimate of porosity in a 
shaly formation, corrections should be made according to the amount of clay present 
in the rock. The volume of shale, known as Vclay or Vshale can be obtained by
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calculation from any of the following well logs: gamma ray log, sonic log and
neutron porosity log. In this study Vshale was calculated from the gamma ray log




where: IGR = gamma ray index
GRread = gamma ray reading of the shaly zone 
GRmin = gamma ray minimum, read in a clean carbonate zone 
GRmax = gamma ray maximum, read in a shale zone 
To find the Vshale, the following formula is applied:
Vshale = 0.33 (22xIGR - 1)% (Dresser Atlas, 1979)
(c) Porosity derived from density log
To calculate the porosity using density (FDC) logs the equation proposed by 
Dresser Atlas (1979) was used.
Pma ” Pb Pma “ Psh
0 D =--------- - Vsh. ----------
Pma ” P f  Pma ” P f
where: 0 D = density log derived porosity, corrected for shale content
pma = matrix density of the rock formation which is taken to be
2.71 g/cm3 for a limestone matrix (Schlumberger, 1972) 
pb = bulk density of the rock formation, read at relevant interval 
pf = fluid density (1 for fresh mud and 1.1 for salt mud), in this
calculation a fluid density of 1 was taken because the mud was 
fresh (Asquith & Gibson, 1982)
= bulk density read in an adjacent shale interval.Psh
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(d) Porosity from combined neutron and density logs
Neutron porosity was taken from direct readings of the neutron porosity (CNL) 
log. Because porosity density logs were not available, porosity had to be calculated 
from the density (FDC) log as previously discussed.
After calculating the porosity derived from the density log, the corrections for 
density and neutron logs must be applied by using the equation proposed by 
Schlumberger (1975).
0N clay
0 NCOIT = 0 N   ------ x 0.30 X Vsh
0.45
0N clay
0D corr =  & D  ~ --------- X 0.13 X Vsh
0.45
0 N D
( 0 N c o r r ) 2 +  ^ D o o r r ) '
y---------------------
2
where: 0 Ncorr = neutron porosity corrected for shale
0Dcorr = density porosity corrected for shale 
Vsh = volume of shale 
0Nciay = neutron porosity of adjacent clay 
0 N = neutron porosity uncorrected for shale
0 D = density porosity uncorrected for shale
0 ND = neutron-density porosity corrected for shale.
The results of porosity calculations derived from wireline logs are presented in
Appendix 2.
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5.2.2 Laboratory Core Analysis
5.2.2.1 Porosity measurement 
Apparatus and sample preparation
In this study a CoreLab helium porosimeter was used to obtain the magnitude 
of the porosity in each rock sample. The helium porosimeter (Fig. 5.16) is a volume 
measuring instrument which can be used to determine the volume of grains or the 
volume of pores in a sample. It utilizes the principle of gas expansion as described 
by Boyle’s Gas Law, whereby a known (reference cell) volume of helium, at a 
known pressure is expanded into an unknown volume; the temperature is assumed to 
remain constant. After expansion, the resultant equilibrium pressure is measured. 
Referring to Figure 5.16, it may be seen that the system between the Source and 
Core Holder valves may be pressurized to a standard reference pressure, generally 
100 psi (7.03 kg/cm2). By opening the core holder valve, the 100 psi (7.03 kg/cm2) 
pressure is permitted to expand into the unknown volume that was originally at 0 
psig (1 atmosphere). In this porosimeter, the pressure dial of the Heise Gauge has 
been scaled to cubic centimetres and the needle indicates the unknown volume 
directly.
The apparatus consists mainly of three parts: helium gas, Heise gauge and the 
matrix cup set. The matrix cup set itself consists of: a matrix holder, cup and 4 
different steel plugs whose volumes are accurately known.
Helium is used as the test gas for the following reasons:
(i) its small molecules will penetrate the very small capillary pores in the rock;
(ii) the low mass of the helium atom allows it a greater diffusivity, which helps the 
helium to permeate porous substances;
(iii) the adsorption of helium onto the surface of the rock is minimal; and
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(iv) helium does not cause any destruction of the sample, and the sample, therefore, 
can still be used for rechecking the test result or for other analyses such as 
permeability tests.
The above factors contribute to reasonably accurate volume determinations. The 
porosimeter when properly operated is capable of determining grain volumes to an 
error limit of +0.3 percent
The sample used for porosity measurement is commonly a cylindrical shaped 
sample (plug). In the absence of plugs, however, any shape of sample may be 
measured. Before running the porosity test, the sample should be cleaned (free of 
fluids) with toluene in a Soxhlet’s apparatus and dried in a vacuum oven.
Determining the porosity
Calculating the porosity of the rock sample depends upon three volumes: (i) the
pore volume (PV); (ii) the grain volume (GV); and (iii) bulk volume (BV). Since
porosity of a core sample is formulated as:
Pore Volume '
0  = -----------------x 100 (%)
Bulk Volume
it, therefore, may be determined in one of the following ways:
PV
0  = ----  x 100 (%)
BV
BV - GV
0  = ------------ x 100 (%)
BV
PV
0  = ------------ x 100 (%)
PV + GV




The presence of effective porosity gives a rock the property of permeability. 
Permeability is a measure of the ability to let fluid flow through the interconnected 
pore network within the rock.




where Q is the rate of flow in cm3/s, À is the cross-sectional area in cm2, P is the 
pressure gradient in atmospheres, 11 is the fluid viscosity in centipoise and k is the 
permeability in Darcy.
By definition, one Darcy is the permeability which allows a fluid having one 
centipoise viscosity to flow through a rock of one square centimetre area at one 
centimetre per second, given a pressure gradient of one atmosphere per centimetre.
Because one Darcy represents a high permeability, the millidarcy (md) is 
generally used as the permeability unit in réservoir studies (1 Darcy = 1000 md).
Apparatus and sample preparation
In this study permeability was measured using a CoreLab permeameter (Fig. 
5.17) which is based on Darcy’s law. The sample permeability was measured using 
compressed air. The measurement is called absolute permeability (ka) because only 
one fluid (air) is present within the pores.
Samples used for routine analysis such as porosity and permeability 
measurements are most commonly in the form of cylindrical shaped core plugs, with 
a size of about 2.5 cm in diameter and 3 cm long. Plug samples are very efficient 
when dealing with homogeneous rocks whose porosity and permeability can be
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represented by a small plug. In case of heterogeneous rocks, the full diameter core 
is recommended for porosity and permeability measurements. In the absence of 
conventional cores, sidewall core samples can also be used. Sidewall cores are small 
samples, with the same size as core plugs, taken by perforating the wall of the 
borehole using a special electronic gun. The samples are then cleaned with toluene 
in a Soxhlet apparatus to remove the drilling and natural fluids from them.
Determining the permeability












The permeameter (Fig. 5.17) is designed for rapid data production, therefore, the 
permeability calculation has been simplified to:
P a x [ i x  1000 Q x L
- -------------------------------  x -------
(PI - P2) x (PI + P2)/2 A
= permeability (millidarcies)
= gas viscosity (centipoise)
= differential pressure (pressure drop across the core sample in psi) 
= up-stream pressure (psi)
= down-stream pressure (psi)
= mean pressure (psi)
= atmospheric pressure (760 mm Hg)
= flow rate (cc/s)
= length of core (cm)
= area of core (cm2)
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k = C x (O x W)/200 x L/A
where:
2000 x |i x Pa .
q _ ------------ -------  = a mercury constant; C is read at
PI2 - P22 the mercury manometer
Q = O x W/200 = flow rate
200 = up-stream pressure (PI); set up by adjusting the mercury regulator 
O = orifice value
W = orifice water value (height of water at the water manometer, in mm).
The accuracy of the permeability measurement is affected by altitude and temperature 
variations, thus the differential height of the mercury manometer has to be corrected 
for these factors before using the apparatus.
Klinkenberg Effect
While the permeameter is running, gases at low pressure flow through the core 
samples at a uniform rate. However, when more pressure is added the gas becomes 
more dense and begins to act more like a liquid. Gas molecules in the centre of the 
pore will move at higher velocities than the nearly stationary molecules next to the 
pore walls. As a consequent the gas flow rate decreases as the pressure in the 
sample increases. This gives a result showing a lower permeability. This gas flow 
behaviour is termed "Klinkenberg Effect". To give a more accurate and uniform 
result in calculating the permeability in the Mid Main Carbonate, a correction factor 
for eliminating the Klinkenberg Effect was applied in this study.
The results of permeability calculations from the laboratory core analyses are 
presented in Appendix 3.
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5.2.3 Measured (laboratory) porosity versus log porosity
Porosity and permeability measurements from cores are generally believed to be 
more reliable and accurate than those derived from wireline logs. Unfortunately not 
every well in a petroleum exploration programme is cored. This is due to several 
factors such as the subsurface condition of the formation, and the problem of 
increased operating costs. Very friable or loose formations cause a special problem 
for coring. To core a loose formation needs a special method called rubber sleeve 
coring, where a rubber sleeve is placed inside the core barrel to hold and prevent the 
loose sample from disintegrating. Due to the creation of pores during core handling 
the petrophysical analysis of rubber sleeve cores is not reliable. To core every well 
and every metre of the interesting zones is very costly. For this reason coring is 
only carried out when deemed necessary.
In determining porosity, the above problems may possibly be overcome by 
correlating laboratory data from available core samples and equivalent wireline log 
data. A curve fit or regression line of measured porosity versus log porosity from a 
cored interval is then taken to represent the whole well, and a best fit curve made 
from several wells may represent one field.
In the study area only six of the tens of wells were conventionally cored 
through the Mid Main Carbonate. The other wells were only sampled using sidewall 
coring methods. In the absence of conventional core samples, sidewall core samples 
were also used to calculate the porosity and permeability, although they may give 
less accurate results. Sidewall core samples are small plugs taken by electronic guns 
fired into the wall of the well bore. They often contain impact-induced fractures that 
produce erroneous porosity and permeability measurements. The fractures enlarge the 
interconnected pore volume and, hence, increase the porosity and permeability.
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To correlate between laboratory data and wireline log data a linear regression 
method was used. Based on the fact that a rock with no porosity will also give no 
response on either the log record or the helium porosimeter, the regression line must 
be extrapolated to the zero intersection of the log porosity and laboratory porosity 
axes. The linear regression equation, Y = A + BX will become Y = BX, where the 
value of A is equal to zero. A computer program based on a least-squares procedure 
and regression analysis was used to determine the regression equations.
Figure 5.18 shows the relationship between measured porosity and porosity 
derived from well logs from the MQ-Field. Figure 5.18a is constructed using 
sidewall core data from four wells, while Figure 5.18b is constructed using 
conventional core data from three wells. To get a more reliable value for the least- 
squares regression equation, as many conventional core data as possible are needed. 
The larger the number of cored wells analysed, the better and more reliable is the 
derived porosity value. The measured porosity to log porosity relationships for other 
wells are presented in Figures 5.19-5.23.
The. regression equations for measured porosity versus porosity derived from 
logs are presented in Table 5.1. The table shows that porosity derived from sidewall 
core data tends to have higher values than that derived from conventional cores. 
The tendency to obtain higher values of porosity measurements from sidewall core 
samples is primarily due to the creation of fractures during coring.
5.2.4 Porosity versus permeability
The porosity and permeability data derived from the laboratory measurements 
seem to show very little relationship between each other for the Mid Main
Carbonate.
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The plot of porosity versus permeability for the MQ-field (Fig. 5.24) provides 
an explanation. The data show a very scattered distribution. This poor relationship 
between permeability and porosity may be largely dependant on the characteristics of 
pore geometry within the rock. Good porosity does not always give a good 
permeability if the pores are not freely interconnected.
5.3 CAPILLARY PRESSURE BY MERCURY INJECTION METHOD
In the studied intervals of the Mid Main Carbonate sequence, the sizes of 
individual pores range from subcapillary through capillary-sized openings to large 
solution vugs. Capillary-sized pores (pores less than 5 microns wide) are the most 
common pore size for the migration and accumulation of hydrocarbons within 
carbonate reservoir rocks. The mercury injection method is a good tool for
determining the fluid flow characteristics within rocks having a very low 
permeability. In rocks with very small pores (<1 micron) and very low permeability 
(<0.5 md) gases are still recoverable under sufficient differential pressure. The 
mercury injection method provides data on the capillary pores in terms of their 
geometry, distribution and the nature of the pore connections.
A mercury injection capillary curve measures certain physical parameters which 
can be used to describe the pore system of the rock. The parameters are entry 
pressure, threshold pressure, and the pore throat radius and its sorting distribution. 
Irreducible water saturation, as well as recovery efficiency of non-wetting phases, can 
also be calculated by this capillary pressure injection method.
The mercury injection method for determining capillary pressure in porous 
materials is not new. Many papers concerned with the use of mercury injection 
capillary pressure have been published by a number of authors such as Purcell 
(1949), Burdine et al. (1950), Thomeer (1960), Stout (1964), Wardlaw (1976, 1979),
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Pittman (1974) and Jennings (1987). A study of pore size distributions in porous 
materials was first undertaken by Ritter & Drake (1945), while a study of residual 
oil saturation, which is related to recovery efficiency, was first discussed by Pickell 
et al. (1966).
5.3.1 Theory of capillary pressure
When two immiscible fluids are in contact, a discontinuity in pressure exists 
between the two fluids. This pressure difference is called the capillary pressure (Pc) 
and depends on the curvature of the interface separating the fluids. By convention, 
for the oil-water contact, capillary pressure is defined as the pressure in the oil phase 
minus the pressure in the water phase (Amyx et al., 1960).
In productive hydrocarbon reservoirs, water is retained by capillary forces. In 
water wet rocks, the interstitial water will preferentially coat the rock surface and 
occupy the smallest pores. This retained water saturation (Sw) is a function of the 
capillary pressure.
Sw = f(Pc) '
Capillary pressure is also used to determine the mean static pressure required to 
force a non-wetting fluid into a rock or a wetting fluid out of a rock.
In the laboratory, capillary pressure can be measured for porous rocks as a 
function of fluid saturation. Differences in capillary pressure versus water saturation 
curves for different formations reflect variations in pore geometry.
Capillary pressure-saturation data can be used to determine:
(i) permeability;
(ii) characteristics of the pore system;
(iii) hydrocarbon recovery efficiency; and
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(iv) water saturation versus height for oil-water, gas-oil or gas-water reservoir 
conditions.
In this study only pore system characteristics and recovery efficiency will be 
discussed.
5.3.2 Apparatus and sample preparation
A Ruska 1057 mercury injection capillary pressure apparatus was used in this 
study (Fig. 5.25). Nitrogen gas is admitted in increments to increase the pressure on 
the mercury surrounding the sample. Mercury was chosen as the testing fluid due to 
its characteristic non-wetting tendencies. Two advantages were obtained by using 
this technique: determination time was greatly reduced and the range of available test 
pressures was extended. Pressures up to 1500 psi (105.45 kg/cm2) can be used.
The sample preparation is the same as that required for the routine analysis of 
porosity and permeability. Samples were cut into cylindrical plugs approximately
2.5 cm in diameter and 3.5 cm long. They were then cleaned with toluene in a 
Soxhlet’s apparatus and dried in a vacuum oven.
Twenty eight samples were analyzed. Of these, five samples came from each 
of the MH-1, MY-1, MQ-2 and MQ-8 wells whereas four samples came from each 
of the MQ-5 and MXC-3 wells. The basic data from the 28 samples is presented in 
Table 5.2.
5.3.3 Determining the capillary pressure data
First, a sample is placed into the core chamber of the capillary pressure 
apparatus (Fig. 5.25). The pressure is then evacuated towards 0 atmosphere using a 
vacuum pump. Afterwards mercury is raised to a reference mark on top of the 
sample chamber, which can be seen through the observation glass window (lucite
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window), by advancing the piston. A micrometer handwheel, which contr 
mercury volume, is set to zero and pressure from nitrogen gas is then applied to the 
system. The invasion of mercury into the sample is indicated by lowering the 
mercury-gas interface from the reference mark. The volume of invading mercury for 
the pressure increment is then measured by advancing the piston of the displacement 
pump until the mercury returns to the reference mark. Up to 20 measurements were 
obtained for each sample as the pressure levels were increased from an initial 3 psi 
(0.21 kg/cm2) and progressing up to 1500 psi (105.45 kg/cm2). At each pressure 
level the system is allowed to reach equilibrium. When no further mercury enters 
the sample at a given pressure, the pressure is then increased into the next 
predetermined level. The volume of mercury injected at each pressure level is 
directly determined by reading the volumetric and micrometer scales which have 
been scaled to cubic centimetres. The process whereby mercury is injected into the 
rock samples is termed injection or drainage capillary pressure.
Analogously, the mercury can be progressively withdrawn from the sample 
stepping back from 1500 psi (maximum pressure) to 0 psig (1 atmosphere) with 
further measurements of volume at each step. This is termed withdrawal or 
imbibition capillary pressure.
The basic capillary pressure data are then calculated as a function of the 
volume of mercury as a non-wetting fluid injected or withdrawn from the sample, the 
percentage of mercury injected or withdrawn with respect to pore volume, and the 
percentage of wetting phase saturation (1 = total mercury saturation) by pore volume. 
All calculated data are tabulated in Appendix 4. The capillary pressure versus 
mercury saturation can then be plotted. Two types of capillary pressure curves can 
be defined based on whether saturation changes are the result of an injection or 
withdrawal process. In an injection process, the wetting phase saturation decreases
107
due to a displacement by the non-wetting phase. On the other hand, a withdrawal 
process refers to a displacement in which the wetting phase saturation increases.
The main objective of this laboratory work is to investigate how the form and 
hysteresis of mercury injection and withdrawal capillary pressure curves reflect the 
geometry of pore-networks in the reservoir rocks of the Mid Main Carbonate, which 
in turn allows the recovery efficiency of the reservoir to be estimated.
5.3.4 Pore geometry
Pore geometry can be experimentally determined by mercury injection capillary 
pressure measurements. The laboratory procedure for capillary pressure measurement 
by mercury injection was briefly described by Purcell (1949).
Mercury, a non-wetting phase fluid, is forced into a rock sample under 
increasing pressure. The pressure required to inject mercury through a pore aperture 
is a function of the entry radius of the pore. Thus, a plot of cumulative volume of 
mercury injected versus injection pressure is related to the distribution of pore entry 
sizes in the rock.
The relationship between pore radius and capillary pressure for the penetration 
of a non-wetting fluid into a porous solid was developed by Ritter & Drake (1945) 
as follows:
2xcos0 2 t c o s 0
Pc = -------  or Ri = -------
Ri Pc
where :
x = interfacial tension (dyne/cm)
0 = contact angle 
Ri = pore radii (micron)
Pc = capillary pressure (psi)
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Since the laboratory analysis utilizes an air-mercury system, the values of T and 0 
are equal to 480 dyne/cm (4.895x1O'2 kg/cm) and 140° respectively (Purcell, 1949; 
CoreLab, 1982). If Ri is measured in microns and Pc is in psi, the above equation 
must be multiplied by a conversion constant of 145 x 103 and the equation becomes.
2xcos0
Ri = ------- x 145 x 10'3
Pc




where Ri is in microns and Pc is in psi.
According to the above equation, for each pressure used in the analysis a 
corresponding equivalent pore entry radius was calculated (Table 5.3). Table 5.3 
shows that when a sample of a rock is saturated with mercury at a particular 
pressure, an amount of mercury will invade pores within the sample down to the size 
of the equivalent pore radius. The largest pores are entered by mercury at the 
lowest pressure, with increased pressure, smaller pore openings are invaded. This 
method, therefore, measures the size of pore openings that control fluid movement 
through a rock.
The capillary pore system in the reservoir rock essentially consists of pores and 
interconnecting pore throats. These pore throats are present between the rock 
fragments (intergranular pores), between the crystals of the cement (inter-cement 
pores) and between the crystal of the matrix (inter-matrix pores). Since the injected 
mercury will only enter the pores through the interconnecting throats, the pore size 
analysis in this study refers to the size of both pores and pore throats and is termed 
pore-throat size analysis.
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5.3.5 Pore-throat size distribution
Pores and pore throats in the rock are assumed to be a bundle of capillary 
tubes. When mercury is injected under pressure the mercury will flow and enter 
tubes down to a particular size that is dependant on the applied pressure. The fluid 
distribution thus reflects the pore and throat size distribution in the reservoir.
The size of the capillary pores and throats can be clearly detected from both 
graphs of mercury injection saturation versus pressure (injection curves) and 
incremental mercury saturation versus radii of pore openings.
5.3.5.1 Injection curve
The mercury injection curve gives a good indication of pore throat sorting and 
the effective porosity of a reservoir rock.
Pore Throat Sorting
The injection curve is somewhat analogous to the use of grain-size distribution 
curves in studying clastic sediments. The flatter or more horizontal the plateau 
segment of the curve is, the narrower is the range of prevalent pore-throat sizes, i.e. 
a greater uniformity of pore-throat sizes within the rock. Oblique curves without any 
significant flatness indicate poor pore-throat sorting. The curve is plotted on a semi­
log scale paper and the prevalent pore-throat size is estimated from the plateau on 
the curve.
In this study, to calculate pore throat sorting (PTS) the following equation
proposed by Jennings (1987) was used.
3rd Quartile Pressure
PTS = V --------------------------
1st Quartile Pressure
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where 1st and 3rt quartile pressures are obtained directly from the mercury injection 
capillary pressure curve and reflect the 25% and 75% maximum mercury saturation
at maximum injection pressure (Fig. 5.52).
A PTS value of 1 indicates a perfect pore sorting (horizontal plateau), while
values above 5 represent poor pore sorting (no plateau development). Common PTS 
values in the carbonate area studied range between 1.20 and 5.60. However, samples 
with high PTS (more than 8) were also found (4 samples) indicating samples with no
pore sorting.
Characteristics of the injection curve for all samples in this study are presented 
in Figures 5.26 to 5.32.
Effective Porosity
The injection curve also gives a good indication of the effective porosity, and 
thus qualitatively provides a measure of permeability. Effective porosity is indicated 
by the area above the injection curve (Stout, 1964). The larger the area above the 
curve the better the effective porosity and the higher the permeability.
Figure 5.33 shows various effective porosities indicated by the injection 
mercury saturation curves. Figure 5.33a shows a rock sample from the MQ-5 well 
at 920.2 m (3019 ft) possessing a low effective porosity while Figure 5.33c shows a 
rock from the MXC-3 well at 1073.2 m (3521 ft) with a good effective porosity 
indicated by a large area above the injection curve.
5.3.5.2 Incremental mercury injection versus pore radii
Another method to determine the pore-throat size distribution is to use the 
incremental mercury saturation versus pore opening radii curve. This curve is plotted
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on a semi-log scale paper and gives an easier way to read and interpret the 
prevalence and distribution of pore-throat sizes within the rock sample.
Pore radius is plotted along the horizontal log scale while the incremental 
mercury saturation (expressed in percent pore volume) is plotted on the vertical axis 
using a linear scale. The highest incremental mercury saturation value indicates the 
size of the pore-throat which dominates the pore geometry within the rock sample or, 
in other words, the rock sample is saturated with fluid mostly through the pore- 
throats of that size. The permeability is, therefore, related to the size of the 
interconnected pores and pore throats, which is indicated by the highest peak on the 
curve.
Calculation of the incremental mercury injection data was done by subtracting 
the difference in volume of injected mercury for every incremental pressure. The 
incremental mercury saturation data is presented in Appendix 4.
From the curves in Figures 5.34-5.40, the Mid Main Carbonate rocks can be 
grouped into four types of reservoir based on the sizes of the capillary pores and 
pore throats. '
(a) Reservoirs which are dominated by a pore-throat size of less than 1 micron 
wide. Included in this type of reservoir are samples from MH-1 well at 681.5 m 
(2236 ft) and 684.9 m (2247 ft); MQ-2 well from 942.8 m (3093 ft), 947 m 
(3107 ft), 948.2 m (3111ft) and 950.4 m (3118 ft); MQ-5 well from 920.2 m 
(3019 ft); MQ-8 well from 939.4 m (3082 ft) and all five samples from MY-1 well.
(b) Reservoirs which are dominated by pore-throat sizes of less than 1 micron 
and wider than 10 microns. This group includes rock samples from well MQ-8 at 
936 m to 936.3 m (3071-3072 ft); MXC-3 well from 1072 m (3517 ft) and MY-1 
well from 836.7 m (2745 ft).
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(c) Reservoirs which are accessed by pore-throat sizes wider than 10 microns. 
This group includes rock samples from MXC-3 well from 1080.8 m (3546 ft) and 
MQ-8 well from 937 m (3074 ft).
(d) Reservoirs which are accessed by pore-throats ranging from narrower than 
1 micron up to larger than 10 microns. This type of reservoir includes samples from 
MH-1 weU from 688.9 m (2260 ft); MQ-5 well from 905.3 m (2970 ft) and 921. 1 
m (3022 ft); MQ-8 well from 929.6 m (3050 ft); and MXC-3 well from 1073.2 m 
(3521 ft).
S.3.5.3 Relationship between pore size and pore type
By studying thin sections and scanning electron microscopy photographs, in 
conjunction with the quantified data from mercury injection capillary pressures, the 
pore and pore throat sizes within the rock can be estimated and classified into three 
pore types.
(a) Pores less than one micron in size are dominated by the presence of 
porosity between crystals in the micrite matrix and are termed intermatrix pores (Fig. 
5.41). This type of pore dominates the porosity in the Mid Main Carbonate 
reservoir.
(b) Pores between 1 micron and 10 microns represent the presence of 
intragranular pores (Fig. 5.42). The intragranular pores are typically not well 
interconnected. This feature can be assessed by studying the incremental mercury 
saturation curves where most of the curves do not show the development of pore 
sizes between 1 |im and 10 pm (Figs 5.34b, 5.35d, 5.36a, 5.37d & 5.38a, c, as well 
as Figs 5.39b & 5.40d).
(c) Pores wider than 10 microns are dominated by the occurrence of solution 
vugular pores and some large intergranular pores (Fig. 5.43).
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5.3.6 Recovery efficiency
Recovery efficiency is defined as the volume of mercury leaving a sample as 
the capillary pressure declines to a minimum value. It is expressed as a percentage 
of the mercury in the sample at maximum capillary pressure and maximum mercury 
saturation. In the broad meaning, capillary efficiency can be generalized as the 
maximum recovery of hydrocarbons that can be produced out of the total 
hydrocarbons trapped in the reservoir rocks.
Recovery efficiency can be measured by a variety of fluid tests performed on 
core samples, such as capillary pressure tests and relative permeability tests, and can 
also be estimated by tests conducted in well bores. In this study the recovery 
efficiency measurements were restricted to core tests using the mercury injection 
capillary pressure method.
Mercury capillary pressure tests, performed with drainage and withdrawal 
cycles, provide a measure of nonwetting-phase recovery efficiency (Pickell et al., 
1966; Wardlaw & Taylor, 1976; Wardlaw '& Cassan, 1978).
Recovery efficiency is a function particularly of pore geometry in the rock but 
also depends on fluid properties. Since the capillary pressure test in this study 
utilized a mercury-air system, the recovery efficiency is primarily affected by the 
characteristics of the pore system.
The use of mercury instead of oil as a non-wetting phase was made for reasons 
of experimental simplicity. Wardlaw & Mckellar (1981) in their study stated that 
trapping of mercury, as a non-wetting phase following pressure reduction (withdrawal 
cycle), may be similar to the trapping of hydrocarbons following displacement of 
water in a strongly water wet system. The use of mercury as a non-wetting fluid in
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this study, therefore, enables an approximate estimation to be made of hydrocarbon 
recovery efficiency in strongly water wet systems.
5.3.6.1 Determination of recovery efficiency
As previously mentioned for determining the capillary pressure data, after the 
injection capillary pressure tests were completed, the withdrawal capillary pressure 
test was carried out to complete the injection-withdrawal capillary pressure cycle. 
By dividing both volumes of mercury in and mercury out by pore volume of the 
sample for every increment and decrement of pressure, the percentage of mercury 
injected into and expelled from the sample can be recorded. The calculation of both 
injection and withdrawal capillary pressure data are presented in Appendix 5. Curves 
of injection and withdrawal cycles were then drawn versus mercury saturation (Figs 
5.44-5.50). From the curves recovery efficiency can be calculated using the 
following formula (see Fig. 5.51):
SHgl - SHg2
RE = ---------------- x 100%
SHgl
where:
RE = recovery efficiency, %
SHgl = maximum volume of mercury injected into the pore volume of the 
sample at maximum pressure (1500 psi)
SHg2 = volume of mercury remaining in the pore volume of the sample, 
when the pressure is reduced to 0 psig pressure from 1500 psi 
Swi = irreducible water saturation, is the percentage of pore volume not 
entered by mercury at the maximum pressure (1500 psi).
The calculated recovery efficiency for samples from the Mid Main Carbonate, ranges 
between 31% and 76%, and the relevant data are presented in Table 5.4. These
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calculations show that all samples have a moderately high recovery efficiency, except 
two samples that have recovery efficiencies lower than 35%.
To determine how much of the maximum volume of injected mercury can be 
expelled compared to the bulk volume of the rock, a percentage recovery efficiency 
per bulk rock volume was calculated and applied as the basis of reservoir quality 
assessment (Table 5.5).
5.3.6.2 Curve characteristics 
Injection curve
When mercury is injected into a rock sample under pressure, the mercury will 
behave with a character as shown by the injection curve. Under low pressures 
mercury initially enters the larger pores of the rock, and with increasing pressure the 
mercury will enter the smaller pores until finally at the maximum pressure no more 
mercury can saturate the rest of the pore volume. The remaining pore volume is 
termed minimum unsaturated pore volume (Wardlaw & McKellar, 1981). This 
reflects an irreducible water saturation (Swi). The minimum pressure at which 
mercury first enters the pore system of the sample is termed the entry pressure (Pe) 
and is determined from the injection-withdrawal mercury saturation curve (Fig. 5.57). 
Lower entry pressures indicate larger surface pores in the sample. This injection 
curve, therefore, reflects the capillary pore and throat apertures that control the flow 
of fluids and thus permeability.
All the rock samples from the Mid Main Carbonate reservoir show the specific 
character of having a very low entry pressure (3 psi or even less). This may be due 
to the presence of abundance vugular pores created during the diagenetic history.
The injection curve shows a specific threshold pressure for significant amounts 
of mercury to enter the sample. The threshold pressure (Fig. 5.51) is determined by
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extending a line from the plateau to the pressure scale (to the left) and is defined as 
the pressure at which mercury first permeates into the rock at reservoir conditions 
(Jennings, 1987).
During the injection cycle the curve depicts that the initial accessibility of 
mercury into the rock is very low, and as the pressure exceeds the threshold pressure 
the mercury accessibility increases significantly (Figs 5.44-5.50). The degree of 
cementation which affects porosity and pore radius are probably responsible for the 
magnitude of the threshold pressure. The relationship between these criteria is 
reciprocal, i.e. the larger the pore radius and the higher the porosity the lower the 
threshold pressure.
Withdrawal curve
The withdrawal curve is determined after the injection cycle has been 
completed. The capillary pressure, initially at a maximum value, is gradually 
reduced to zero capillary pressure. The curve will not trace back the previous 
injection curve but separates from it. This separation is termed hysteresis and it is 
caused by a portion of mercury remaining trapped in the pore system. The 
separation at zero capillary pressure is analogous to oil trapped in the reservoir rock 
(residual oil saturation). The volume of mercury leaving the sample is analogous to 
the potential oil recovery.
The curves in general show that during pressure decline the accessibility 
increases. However, some samples show that at certain pore-throat sizes (between 1­
10 pm) the accessibility is progressively reduced (Figs 5.46a, 5.47a, 5.48a, c & 
5.49b). This low accessibility is probably due to the continuity of mercury in the 
pore-throat system becoming broken as pressure is reduced. As previously 
mentioned, pores between 1 pm and 10 pm in the study area are only minor. This
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circumstance is possibly caused by these pores between 1 Jim and 10 |im being 
shielded by other pores smaller than 1 pm wide which led to a reduction in 
accessibility.
Injection-withdrawal curve
Adjoining the injection and withdrawal curves into a single figure provides an 
easier way to interpret the mercury hysteresis, as well as the pore system 
characteristics within a rock sample. The hysteresis (i.e. the separation of the two 
curves at minimum pressure) represents the residual oil saturation. A wide 
separation reflects a high residual oil saturation and thus a lower recovery efficiency.
5.4 PETROLEUM RESERVOIR QUALITY
5.4.1 Introduction
Petroleum reservoir rocks are considered to be of good quality if they have 
sufficient porosity and permeability to permit the accumulation of hydrocarbons.
Porosity and permeability data, as well as other related petrophysical parameters 
which have been discussed in the previous section, were used for the basic 
assessment of reservoir quality assessment using multivariate statistical analysis.
5.4.2 Multivariate analysis
The purpose of using multivariate analysis in the assessment of reservoir quality 
is to simplify a data base, consisting of numerous samples each with a number of 
variable properties, into a small number of internally distinct groups.
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Cluster analysis is a method of multivariate classification that attempts to 
cluster samples or variables into groups, in a manner that reveals the degree of 
similarity between individual parameters and groups of parameters.
Twenty eight samples with seven variables (Table 5.5) were clustered to 
calculate the correlation coefficients (r) between the samples (Q-mode analysis) and 
the correlation coefficients between the variables (R-mode analysis). Computations 
were run on the computer facilities at the University of Wollongong using a cluster 
analysis programme based on Jones & Facer (1981).
5.4.2.1 R-mode cluster analysis
R-mode cluster analysis was applied to delineate comparisons between variables 
in the petrophysical data base used in this study. To measure the degree of 
similarity between variables in the R-mode analysis a Pearson product-moment (PPM) 
correlation coefficient matrix was used.
Basically the Pearson product-moment correlation coefficients are calculated 
from each pair of variables using a linear regression equation. The degree to which 
observations of the two variables approach a straight line when plotted as points on 
an X-Y diagram is termed the correlation coefficient and it indicates the degree of 
similarity between the variables.
The value of the correlation coefficient ranges from -1 to +1. The closer the 
correlation coefficient approaches +1 the more significant is the similarity between 
the variables. A zero value indicates no linear correlation, while positive values 
indicate positive correlation and negative values indicate negative correlation.
The product-moment matrix (Table 5.6) for the samples used in this study 
shows the relationships between all pairs of variables. Two samples (MQ-5/la and 
MQ-8/27) have no reliable data for threshold pressure and pore radius as they show
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no pore-throat sorting. These values are recorded as -8.0 in the data matrix and the 
correlation coefficients for these variables are based on only 26 data points. The 
correlation coefficients shown in Table 5.6 were also tested for significance at a 95% 
confidence level and a 99% confidence level (Table 5.7).
In cluster analysis the correlation coefficient matrix is scanned to find the 
mutually highest correlation coefficient between any pair of variables (Davis, 1973). 
This pair of variables are linked together as the start of a cluster and their 
correlations with all other variables are averaged. This process is repeated until the 
correlation coefficient matrix is reduced to a 2x2 matrix which defines the final 
relationship between the cluster groups. The variables are then grouped and 
presented on a dendrogram in a manner so that the variables are clustered in 
decreasing order of similarity from the highest correlation coefficient to the lowest 
one.
Relationships between reservoir parameters
The product-moment matrix (Table 5.6) shows that, among the variables in this 
study, a highly significant positive correlation exists between permeability and pore 
radius (Ri), and between porosity and recovery efficiency.
Recovery efficiency in this study is strongly dependant on porosity as shown 
by the highly significant positive correlation coefficient of 0.8840 (Table 5.7). Thus 
increases in porosity will cause an increase in recovery efficiency. The threshold 
pressure (Pt) also shows a highly significant dependence on porosity but its 
relationship is negative (r = -0.5401). Thus the lower the porosity the higher the 
threshold pressure required for fluids to enter the pores. The threshold pressure also 
affects the recovery efficiency and this is reflected in a highly significant negative
120
correlation coefficient of -0.5400. Thus recovery efficiency will decrease as the 
threshold pressure increases.
The relationship between irreducible water saturation (Swi) and porosity has a 
similar characteristic with that between the threshold pressure and porosity. The 
irreducible water saturation is highly dependant on porosity as indicated by negative 
correlation coefficient of -0.5154, and this water saturation (Swi) strongly affects the 
recovery efficiency where the relationship is also negative (r = -0.5627). Thus when 
the porosity decreases, the water trapped as irreducible saturation in the reservoir 
rock increases, and the increasing water saturation, in turn, will decrease the recovery 
efficiency.
Permeability, on the other hand, is primarily a function of the size of the 
interconnected pores, as indicated by the highly significant 0.8450 correlation 
coefficient (Table 5.7). Thus the larger the pore radius the higher the permeability 
in the sample. A highly significant correlation is also revealed between pore throat 
sorting (PTS) and pore radius (r = 0.6381). The pore size distribution in the 
carbonate rocks studied tends to have a better sorting (low PTS number) as the pore 
size decreases. A few samples showing good pore throat sorting, however, are 
dominated by large pores. This relationship can be seen only on incremental 
mercury injection curves (e.g. Fig. 5.46). Pore throat sorting also shows a highly 
significant positive relationship with permeability, as indicated by the correlation 
coefficient of 0.5234. Like the pore throat sorting versus pore radius relationship, 
the pore throat sorting is better when the permeability is lower. Thus low 
permeability samples are characterized by small pores with fairly uniform pore throat 
sizes.
From  the R -m ode cluste r dendrogram  (F ig . 5.53) and Tab le  5.6 i t  can be seen
tha t pe rm eab ility  has a low  pos itive  linea r co rre la tion  w ith  p o ro s ity  and w ith
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recovery efficiency. These relationships are not significant at the 95% confidence 
level (Table 5.7). As already mentioned in section 5.2.4, porosity and permeability 
data from the Mid Main Carbonate reservoir rocks reveal no significant relationship. 
In these 28 samples the correlation indicated by the product-moment matrix is 
0.3096. However, when porosity versus permeability values are plotted on a
logarithmic scale they show a good positive correlation (Fig. 5.54b). This implicitly 
means that an increase in porosity will also cause an increase in permeability. The 
relationship between permeability and recovery efficiency also gives a high positive 
correlation when they are plotted on a logarithmic scale (Fig. 5.55b). This graph 
indicates that higher recovery efficiency is a function of higher permeability in the 
samples.
5.4.2.2 Q-mode analysis
Q-mode analysis operates in a similar manner to the R-mode analysis but 
compares samples rather than variables. However, since the variables may have 
different ranges of values, the data matrix should be standardized to provide equal 
weighting for each variable. The final result is represented by a dendrogram in 
which the degree of similarity between the different samples are represented as 
clusters (Fig. 5.56). This analysis is especially useful for clustering the samples into 
statistically viable groups based on the similarity of the sample properties.
Figure 5.56 shows that the samples are clustered into four major groups 
representing four reservoir types.
(a) Reservoir type I
T h is  type  o f re se rvo ir is  represented by n ine o f the analyzed sam ples (see
Tab le  5 .8 ). I t  is  p a rtic u la rly  characterized by lo w  to  fa ir  p o ro s ity  (7 .1%  on average)
122
and low permeability (0.52 md on average) and also by high threshold pressure (Pt 
214 psi on average). Pt is considered high if the lowest capillary pressure, which is 
able to emplace oil into the rock, is higher than 100 psi (equivalent to a pore of 1 
micron radius). Extensive cementation may be responsible for the creation of the 
high Pt in these samples. Figure 5.57 shows an example of this type of reservoir 
with a threshold pressure of 190 psi. This pressure is so high that it reduces the 
ability of the rock to entrap oil and at maximum pressure (1500 psi) this reservoir 
retains a 65% water saturation. This means that to saturate the reservoir with a 
significant amount of oil an extremely high pressure is needed.
The reservoir will become poorer in quality if the pore throat sorting value 
increases significantly (i.e. towards very poor pore sorting). This type of rock is 
considered to be a non-commercial reservoir since the recovery efficiency is low 
(2.9% of the bulk volume on average).
(b) Reservoir type II
This type of reservoir, based on four of the analysed samples (Table 5.8), is 
characterized by a particularly high threshold pressure (474 psi on average), a low 
irreducible water saturation (14% on average), low pore throat sorting values (1.9 on 
average) and also a small-sized pore throat radius (0.09 micron on average). 
Average porosity in this type of reservoir is much higher (12.4%) than in the type I 
reservoir rocks.
Figure 5.58 shows an example of the type II reservoir rock. The sample is 
dominated by small-sized pores and a very high pressure (up to 645 psi) is required 
to force the oil into the reservoir. However, since the rock has a good pore throat 
sorting (1.2) an 85% oil saturation can be achieved at 1500 psi.
121
recovery efficiency. These relationships are not significant at the 95% confidence 
level (Table 5.7). As already mentioned in section 5.2.4, porosity and permeability 
data from the Mid Main Carbonate reservoir rocks reveal no significant linear 
relationship since, in these 28 samples, the correlation indicated by the product- 
moment matrix is 0.3096. However, when porosity versus permeability values are 
plotted on a logarithmic scale they show a good positive correlation (Fig. 5.54b). 
This implicitly means that an increase in porosity will also cause an increase in 
permeability. The relationship between permeability and recovery efficiency also 
gives a high positive correlation when they are plotted on a logarithmic scale (Fig. 
5.55b). This graph indicates that higher recovery efficiency is a function of higher 
permeability in the samples.
5.4.2.2 Q -m ode analysis
Q-mode analysis operates in a similar manner to the R-mode analysis but 
compares samples rather than variables. However, since the variables may have 
different ranges of values, the data matrix should be standardized to provide equal 
weighting for each variable. The final result is represented by a dendrogram in 
which the degree of similarity between the different samples are represented as 
clusters (Fig. 5.56). This analysis is especially useful for clustering the samples into 
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representing four reservoir types.
(a) R eservoir type I
T h is  type  o f re se rvo ir is represented by n ine o f the analyzed samples (see
Tab le  5 .8 ). I t  is p a rtic u la rly  characterized by low  to  fa ir  p o ro s ity  (7 .1%  on average)
122
and low permeability (0.52 md on average) and also by high threshold pressure (Pt = 
214 psi on average). Pt is considered high if the lowest capillary pressure, which is 
able to emplace oil into the rock, is higher than 100 psi (equivalent to a pore of 1 
micron radius). Extensive cementation may be responsible for the creation of the 
high Pt in these samples. Figure 5.57 shows an example of this type of reservoir 
with a threshold pressure of 190 psi. This pressure is so high that it reduces the 
ability of the rock to entrap oil and at maximum pressure (1500 psi) this reservoir 
retains a 65% water saturation. This means that to saturate the reservoir with a 
significant amount of oil an extremely high pressure is needed.
The reservoir will become poorer in quality if the pore throat sorting value 
increases significantly (i.e. towards very poor pore sorting). This type of rock is 
considered to be a non-commercial reservoir since the recovery efficiency is low 
(2.9% of the bulk volume on average).
(b) Reservoir type II
This type of reservoir, based on four of the analysed samples (Table 5.8), is 
characterized by a particularly high threshold pressure (474 psi on average), a low 
irreducible water saturation (14% on average), low pore throat sorting values (1.9 on 
average) and also a small-sized pore throat radius (0.09 micron on average). 
Average porosity in this type of reservoir is much higher (12.4%) than in the type I 
reservoir rocks.
Figure 5.58 shows an example of the type II reservoir rock. The sample is 
dominated by small-sized pores and a very high pressure (up to 645 psi) is required 
to force the oil into the reservoir. However, since the rock has a good pore throat 
sorting (1.2) an 85% oil saturation can be achieved at 1500 psi.
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The type II reservoir rocks are considered to be of low to moderate quality 
since the recovery efficiency is only 4.7% on average.
(c) Reservoir type III
The eleven samples representing this type of reservoir are characterized by 
good porosity (22.7% on average) and fairly good permeability (7.70 md on 
average). They also have a well sorted pore throat size distribution (2.5 on average). 
These features are consistent with commercial reservoir rocks and the samples tend 
to have a good to moderate recovery efficiency (RE is between 6.2% & 14.4%; 
Table 5.8).
As seen in the R-mode product-moment correlation coefficient matrix (Table 
5.7), threshold pressure has a reciprocal relationship to porosity and recovery 
efficiency that is significant at the 99% confidence level. Thus an increase in Pt 
will reduce the quality of the reservoir rock. Figure 5.59a shows an example of a 
type III reservoir rock with a low Pt (15 psi) and good porosity (29.3%) and 
permeability (31.6 md). This type of reservoir gives a good recovery efficiency 
(12%). On the other hand, Figure 5.59b shows that for a sample with a higher Pt 
(244 psi) the quality of the reservoir decreases (i.e. recovery efficiency falls to 
7.8%).
(d) Reservoir type IV
The remaining four analysed samples are included in the type IV reservoir 
rocks (Table 5.8) which are characterized by good porosity (21.3% on average) and 
permeability (74.9 md on average) but have very poorly sorted pore sizes (7.3 on 
average). The latter feature significantly reduces the quality of the reservoir. This 
type of reservoir rock is of moderate quality (RE is 7.5% on average).
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Figure 5.43, an example of the rock in the type IV reservoir, shows that 
although porosity and permeability in this sample are excellent, the recovery 
efficiency is only moderate (RE = 8.5%). This is due to the very poorly sorted pore 
throat sizes (PTS = 8).
A summary of the reservoir quality parameters for the Mid Main Carbonate 
sequences is presented in Table 5.9.
5.4.3 D ISC USSIO N
5.4.3.1 Effective porosity and perm eability
Porosity and permeability values for the reservoir rocks were accurately 
measured in the core laboratory using a small plug from each core sample. In the 
absence of core samples porosity and permeability can also be determined using 
wireline log analyses. Correlation between porosity measured in the core laboratory 
and porosity derived from wireline logs is believed to be reliable, as shown in this 
study. This relationship must be used for determining the porosity of many 
sequences since core samples are usually taken only from limited sections in a 
limited number of wells. Like porosity, in the absence of laboratory analysed 
permeability data from a well, the correlation between permeability measured in the 
laboratory and that derived from well logs from other wells in the same field can be 
used to provide a reasonable estimate of the permeability value.
There is no significant linear relationship between porosity and permeability. 
Some of the high porosity values give low permeabilities and vice versa; high 
permeability does not always equate high porosity values. This non-significant linear
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relationship is primarily due to the arrangement of pores within the reservoir rock. 
The presence of interconnected pores determines the permeability and the wider the 
diameter of the throats between pores the higher the permeability value.
The mercury injection capillary pressure curve (injection cycle) gives a good 
explanation for the permeability-porosity relationship. If the pores in a given rock 
sample are well connected by throats, the interconnected pores and pore throats 
define the effective porosity which is related to permeability. Thus permeability is 
proportional to effective porosity, i.e. the higher the effective porosity the better the 
permeability.
Low total porosity, in general, corresponds to a low effective porosity, but high 
total porosity does not always give high permeability since the effective porosity may 
be low. The low effective porosity may be explained by the accessibility factor 
studied by Wardlaw & Taylor (1976). Not all pores and pore throats can be invaded 
by a non-wetting fluid because they may be shielded by other smaller pores whose 
displacement pressure has not been exceeded.
When an incremental mercury saturation versus pore radii curve is compared to 
a mercury injection versus capillary pressure curve, the first curve gives a more 
accurate interpretation (reading) of the pore-throat size distribution and abundance. 
The plateau on the mercury injection versus capillary pressure curve indicates the 
sorting of the pore-throat sizes, but the clarity of this interpretation decreases 
especially when the sample is dominated by large pore-throat sizes (Figs 5.31a & 
5.41a).
Purcell (1949), Burdine et a l (1950) and Murray (1960) applied maximum 
pressures of 1000 psi to 2000 psi (70.3-140.6 kg/cm2) in their experiments. This 
maximum pressure is experimentally enough to displace the mercury and provide an 
indication of irreducible saturation. In this study a maximum pressure of 1500 psi
126
(105.45 kg/cm2) was taken. It can be seen from the mercury injection curves that 
only a few of the curves nearly reach the vertical asymptote at the maximum 
pressure. Other curves intersect the maximum pressure line with an acute angle. 
This means that 1500 psi is not enough pressure to reach the maximum saturation. 
Therefore, the irreducible water saturation shown by most of the curves in this study 
is still apparently higher than the true irreducible water saturation. Such 
circumstances may be due to a specific characteristic of the pore geometry in the 
Mid Main Carbonate reservoir. The capillary pores and throats within the rock are 
mostly dominated by sizes finer than 0.1 microns and displacement pressures for 
these sizes were not exceeded at the maximum confining pressures used (1500 psi). 
The entry pressure (Pe) for all the samples studied is very low. This means that all 
samples have large pore openings around their surfaces. By applying a pressure of 
only 3 psi (0.21 kg/cm2), mercury has entered these large pores. This low entry 
pressure is also a characteristic of the Mid Main Carbonate reservoir rock. The Mid 
Main Carbonate is a reef and carbonate shoal build-up whose lithology has been 
extensively altered during diagenesis, and has been particularly affected by 
dissolution and cementation processes. The dissolution has created solution vugular 
pores which account for the low entry pressure. The various pore and pore throat 
sizes of the reefal facies rocks are also indicated by the incremental mercury 
injection versus pore size curve. The reefal facies rock commonly has pore sizes 
ranging from large pores (larger than 35 microns) down to micropores (less than 0.1 
micron).
Reservoir quality is not dependant only on porosity and permeability. Other 
physical properties, especially pore geometry within the rock, add a contribution to 
the complexity of the reservoir properties. The complex interdependence of the 
physical properties causes difficulties in making meaningful generalizations about the
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reservoir rock quality. However, using a cluster analysis method, the Mid Main 
Carbonate reservoir rock, in general, can be divided into three types of quality: non­
commercial, moderate and good quality.
Since only 28 samples were analysed in this study the generalizations about 
reservoir quality may not reach a high degree of accuracy since the petrographic 
study indicated marked local variability in cementation and dissolution within the 
Mid Main Carbonate, and hence considerable variability in porosity and permeability. 
In addition, all the analysed small diameter core plugs came from the more intact 
portions of the core, since samples with large dissolution vugs, fractures or 
dissolution surfaces generally break during the sampling procedure or would provide 
open pathways if analysed. Analysis of a greater number of samples, including full 
core samples in the more porous zones, and the use of a higher maximum capillary 
pressure would enable a more complete picture of the reservoir quality of the 
formation to be established.
5.5.2 Porosity and Permeability Distribution
The relationship of porosity and permeability in the cored plug samples from 
the Mid Main Carbonate provides information for assessing the bulk properties of the 
unit. Local more porous zones with channel, cavern or fracture porosity could not 
be accurately related to the various lithofacies since the type of porosity could not be 
established from the wireline logs.
Much of the porosity in the Mid Main Carbonate is secondary in origin. Since 
the grains composing the carbonate lithologies in all facies in the formation consist 
mainly of variable proportions of large foraminifers and coralline algae (made of 
high Mg-calcite) and coral fragments (originally made of aragonite), they have 
undergone a number of dissolution processes, especially during contact with meteoric
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water. Coral, under fresh water conditions, dissolves more easily than the large 
foraminiferal or coralline algal grains. In many samples studied, only the outer 
margins of the larger foraminifera have been dissolved, whereas most coral fragments 
tend to have had their aragonitic wall structures dissolved or replaced by low Mg- 
calcite cement. The moderate to high porosity in much of the Mid Main Carbonate 
rocks indicate that pores created by dissolution processes, especially during fresh 
water phreatic diagenesis, have been well preserved. It, therefore, suggests that 
subsequent cementation processes, in general, were not intensive.
However, some zones are extensively and tightly cemented, with very low 
porosity and permeability. In such zones, diagenetic cementation is responsible for 
blocking pore throats and thus sealing or reducing the interconnections between pores 
(see Chapter 4).
Regardless of the carbonate facies determination, all carbonate build-ups 
throughout the Mid Main Carbonate area show moderate to good porosity values 
(10.7% to 26.3% average, Table 3.8). MQ-8 is the only well which has a low 
porosity (10.7% average). The permeability, however, is generally low throughout 
the Mid Main Carbonate build-ups. Measurements from 21 samples (929.3-940.5 m 
interval) from the MQ-8 core give very low permeability values (1.34 md from 17 
samples), with only four samples providing a permeability greater than 15 md (3 
from Coral Foraminiferal Limestone Facies and 1 from Coral Limestone Facies). 
Apart from one sample, the MQ-5 core has the lowest average value of measured 
permeability in the study area. Only one sample from Coral Limestone Facies gave 
a permeability of 258 md and the rest (18 samples) range in permeability between 
0.1 and 6.6 md (0.94 md average) with an average porosity of 14.6%. Similar to 
the MQ-5 and MQ-8 wells, the porosity and permeability of MH-1 cores in the 
upper interval are generally very low (porosity = 9.2% and permeability = 0.5 md on
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average). The Algal Foraminiferal Limestone Facies is the only facies in the MH-1 
well which has a good porosity and permeability. The average porosity and 
permeability in the latter reach 29% and 15 md, respectively.
Excellent permeability is only found in the MQ-2 well. It reaches more than 
200 md (average 101 md) with an average porosity of 18%. MB-2 well also shows 
excellent reservoir qualities but only in the Foraminiferal Limestone Facies (1041­
1046.7 m interval). This facies provides excellent permeabilities (26-475 md) with 
moderate porosity values (12-22.9%). The MY-1 well seems to have the same 
petrophysical characteristics as the MB-2 well. It shows a very good permeability 
(average 67 md) and moderate to good porosity (average 15.7%).
All facies in the Mid Main Carbonate sequence in the MQ-Field are oil 
producers. The Mid Main Carbonate in the MQ build-up has a variable range of 
porosity and permeability. The average porosity throughout the carbonate facies 
ranges from 10% to 26%, whereas the average permeability is between 0.9 md and 
90 md. Although the analysed samples from the MQ-5 and MQ-8 wells indicate low 
porosities and permeabilities (0.94 md in MQ-5 and 1.3 md in MQ-8), the wells are 
still good oil producers. Since the samples studied from this part of the Mid Main 
Carbonate comprise only small sidewall cores, core plugs and cuttings, the oil, which 
may be present in interconnected vugs or open irregular fractures in the MQ-5 and 
MQ-8 wells, might have escaped observation. Other portions of these wells show 
moderate to high porosities in the Mid Main Carbonate sequence (Figs 5.6-5.7) and 
the presence of fractured reservoir rocks in the MQ-Field may account for its good 
petroleum reservoir characteristics. Such fractures could extend out into the 
surrounding permeable reef facies and would act as a migration routes from this 
more porous reservoir (see Fig. 3.17).
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The Mid Main Carbonate in the P-Field is only thin, with a maximum 
thickness of about 90 m in the P-3 well. Moderate porosity and permeability was 
recorded from the coarser southern part of the field adjacent to the reef crest facies 
(Fig. 3.19), especially in the lower part of the formation (Appendix 3). All the wells 
in this field penetrated the Mid Main Carbonate interval but the target was the 
underlying Batu Raja Formation. As a result, drill stem tests were generally not 
carried out in the Mid Main Carbonate. The unit was tested four times in the 
MH_ 1 well but only produced small quantities of moderate salinity water (17­
28700) and a gas flow of 4.785 MMCFPD from the top of the formation.
Similar distributions and variability of porosity and permeability could be 
expected in all the other carbonate build-ups in the Mid Main Carbonate area and 
they are all capable of being reservoir rocks.
5.5.3 Other factors affecting petroleum migration
Other than pore geometry, porosity and permeability as parameters of reservoir 
quality, the presence of oil in a reservoir Ts also controlled by the permeable zones 
and routes for oil migrate. The presence of hydrocarbons trapped in the Mid Main 
Carbonate reservoirs is, therefore, also controlled by the presence of permeable 
pathways such as faults, joints and/or porous beds within the reservoir and between 
the reservoir and the source rocks within the basin. The absence of oil in some 
wells (MU-1, MW-1, MO-1, MK-1 and P-3) in the western part of the Mid Main 
Carbonate area is probably due to the fact that inadequate oil has been produced 
from the underlying Talang Akar Formation and/or there are no permeable pathways 
for hydrocarbons to migrate into the porous traps in the Mid Main Carbonate. As 
seen in Fig. 1.2, the western part of the study area is only dissected by one major 
normal fault across the P-Field build-ups. The lack of adequate permeable pathways
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is probably the reason why the reef build-ups such as the eastern P-Field, MH, MW, 
MO, MU and MK Fields do not contain significant quantities of oil. Some of these 
western build-ups do contain gas wells (e.g. MH-1 and MK-1). Such a case is 
possible since gases can migrate (escape) through very tight zones because of their 
small molecular size and high diffusivity (provided the differential pressure is 
sufficient to flush the gas through the very small pore throats).
On the other hand, in areas where faults pass close to, or intersect, the reefal 
build-ups (e.g. western P-Field, MX and MQ Fields, and the eastern part of the Mid 
Main Carbonate area; Fig. 1.2) provide good routes for oil to migrate into and 






The petrological study of organic matter, either in coal or as dispersed organic 
matter (DOM) in sedimentary rocks, allows determination of the source rock potential 
through maceral compositions and the level of thermal maturation through vitrinite 
reflectance. This information permits an interpretation of the nature of the original 
organic matter, and its depositional and thermal history. It can also be used in 
assessing the source rock characteristics and the hydrocarbon generation potential of 
organic matter in the rock samples.
Twenty five ditch cutting samples from 5 drill holes in the Mid Main Field 
were studied to determine the type and abundance of organic matter present in the 
sedimentary sequence, and the level of organic maturation, to assess possible source 
rocks for oil generation. All samples were taken from the Talang Akar Formation 
and their lithologies are dominated by shale, including some sandy and carbonaceous 
shale samples.
The aim of this organic petrological study is to delineate the characteristic 
features of organic matter in the Talang Akar Formation in the local Mid Main 
Carbonate area. This formation is believed to be the primary source rock for 
hydrocarbon accumulations throughout the Northwest Java Basin (Gordon, 1985; 




All samples were washed with distilled water and tetrachloroethane to remove 
the very fine materials adhering to the outside of the sample, such as clay and 
drilling mud, and then dried overnight at 60°C. The samples were then placed in 
cold-setting Astic resin to form a block with 2x1.5 cm dimensions. One surface of 
the mounted samples was ground and polished, perpendicular to any gravitational 
settling of grains, on carborundum abrasive papers in sequences ranging from 120 to 
1200 grit To get a smooth surface free of scratches, the blocks were finally 
polished using chromium sesquioxide followed by magnesium oxide powders, both in 
water slurries on selvyt cloths.
6.3 ANALYTICAL METHODS
The analysis of macerals was carried out using both reflected white light and 
fluorescence mode illumination. Reflected white light mode was used for 
recognizing vitrinite and inertinite macerals whereas liptinite macerals were 
recognized using reflected ultraviolet/viblet/ blue light fluorescence mode. Oil 
immersion objective lenses in the range of 25x to 50x and oculars of lOx 
magnification were used. The abundances of the maceral groups were determined by 
visual estimation using a comparative chart as shown in Figure 6.1.
A Leitz Orthoplan microscope which incorporated a TK400 dichroic beam 
splitting mirror fitted in an Opaque vertical illuminator was used in this study for 
fluorescence examination. All photomicrographs of the macerals were taken using a 
Leitz Vario-Orthomat camera which is mounted on the Leitz Orthoplan microscope.
Reflectance measurements were carried out using a Leitz Ortholux microscope 
fitted with a Leitz MPV1 microphotometer. The procedure for reflectance 
measurements given by Cook (1982) was applied in this study. The measurements
135
were made using monochromatic light of 546 nm wavelength in oil-immersion 
having a refractive index of 1.5180 at a room temperature of 23°C + 1°C. The 
photometer was calibrated against a synthetic spinel standard of 0.413% reflectance 
and garnet standards of 0.917% and 1.726% reflectances.
Maximum reflectance values were determined for vitrinite as dispersed organic 
matter or in coal grains. A maximum of 30 measurements was made on each 
sample. A pair of measurements were taken at each point with the second of the 
two readings taken after the stage was rotated through 180°. The mean of the pair 
of readings gave the vitrinite reflectance value. The mean maximum vitrinite 
reflectance was calculated by averaging the total number of readings.
6.4 DETERMINATION OF MACERAL TYPES
The term maceral was first introduced by Stopes (1935) when referring to the 
microscopic constituents of coals. Coal-forming macerals are analogous to rock­
forming minerals.
The Standards Association of Australia (1986) terminology for macerals was 
used in this study. The nomenclature is based on the Stopes-Heerlen System 
(International Commission for Coal Petrology, 1963, 1971, 1975). References used 
for optical microscopic features include the International Commission for Coal 
Petrology (1963, 1971, 1975), Stach et al. (1982) and Cook (1982).
The organic macerals comprise three main groups: vitrinite, liptinite and 
inertinite. Each maceral group is distinguished by its origin, chemical composition 
and optical properties. The basic terminology of macerals and their optical properties 
are listed in Table 6.1.
136
6.5 RESULTS
6.5.1 Type and abundance of macerals
Organic matter content in the Talang Akar Formation in the Mid Main 
Carbonate area mostly consists of dispersed organic matter (DOM). Coal is only a 
very minor component in six of the cuttings samples. The classification of dispersed 
organic matter in this study follows that of coal macerals.
The abundance of DOM in the samples varies from rare to abundant (<0.1 to 
10%). Higher proportions of DOM occur in claystone, shale and siltstone samples 
rather than in sandstone or carbonate rocks. Vitrinite, in general, is the dominant 
maceral (sparse to common) whereas liptinite and inertinite (rare to sparse) occur in 
subequal amounts in most samples.
Vitrinite is composed mostly of telovitrinite and detrovitrinite subgroups (Figs
6.2 & 6.3) and was probably derived from woody, bark and leaf tissues of higher 
plant origin. This maceral group usually does not exhibit fluorescent but in some 
samples detrovitrinite gives a very weak fluorescent intensity (dull orange).
The inertinite macerals originated from the same precursors as those for 
vitrinite but underwent chemical or biochemical alteration with associated oxidation. 
In the samples studied, the most common inertinite maceral was inertodetrinite. 
Sclerotinite and semifusinite are present in very minor amounts (Figs 6.4 & 6.5).
Liptinite macerals originated from hydrogen-rich plant remains. This group of 
macerals in the samples studied mostly comprises sporinite (including sporangia), 
cutinite, resinite and liptodetrinite in concentrations varying from rare to sparse. 
Exsudatinite and fluorinite are the least abundant liptinite macerals found in the 
samples. Suberinite is found in some samples but it is rare.
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The liptinite macerals (Figs 6.6 to 6.12), in general, are characterized by strong 
to moderate fluorescence intensities with bright yellow to orange fluorescence 
colours. Only suberinite exhibits a weak pale greenish-yellow fluorescence.
Rare to sparse coal grains were found in samples from the MH-1, MU-1, MY- 
1 and MZ-1 wells. Abundant coal grains were found only in the MU-1 well at a 
depth of 1621.8 m (5321 ft; sample 22335). Vitrinite is dominant in all coals 
(>95%) occurring mostly as the microlithotype vitrite as defined by International 
Commission for Coal Petrology (1963) and Stach et a l (1982). Two samples (22332 
from MH-1 well and 22335 from MU-1 well) have a significant amount of liptinite 
(1.5% and 4.7%) in the coal. It is associated with vitrinite in the clarite 
microlithotype. The coal-forming liptinite macerals include abundant resinite, 
common sporinite and liptodetrinite, and rare cutinite. All the liptinite macerals have 
yellow to orange fluorescence colours. The mean maximum vitrinite reflectance of 
the coal is 0.44% and, therefore, the coal has a brown coal rank (Cook, 1982 ; Stach 
et al., 1982).
In most samples bitumens and oils were observed associated with the organic 
matter, even where the latter occurs as DOM (Figs 6.13 to 6.17). Bitumens show 
bright yellow to bright green fluorescence colours. Oils have similar fluorescence 
colours to bitumens ranging from bright green to yellow. Both bitumens and oils 
have very low reflectance values (less than 0.2%) compared to the associated coal 
macerals.
Other components generally associated with the DOM include mineral matter, 
such as pyrite and iron oxides. Abundant pyrite, associated with foraminiferal tests 
and shell fragments, mainly occurs in the carbonate and sandstone samples. The 
presence of pyrite indicates a reducing environment where the activities of sulphate- 
reducing bacteria were important. The foraminifers and shell fragments indicate a
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marine depositional environment and oxidizing conditions above the sediment water 
interface. The Talang Akar Formation was, therefore, deposited in subaqueous 
conditions probably in a nearshore to deltaic environment.
A summary of the organic matter analyses is presented in Table 6.2.
6.5.2 Thermal History
Prediction of palaeotemperatures, organic maturity and the timing of 
hydrocarbon generation have been studied by a number of organic petrologists.
The attempt to define the relation of time, temperature and rank was introduced 
by Huck & Karweil (1955). A year later Karweil (1956) developed a nomogram 
based on these three parameters. This nomogram, known as the Karweil nomogram, 
is based particularly on first-order reaction rates and assumes that a sedimentary 
sequence has been exposed to the present downhole temperature for all its subsidence 
history. Later, some modifications were made by Bostick (1973) with the addition 
of coalification relationships to the Karweil nomogram.
The Karweil model (as modified by Bostick, 1973) was used by Kantsler et al. 
(1978) and Smith & Cook (1984) to estimate palaeotemperatures and thermal 
histories of Australian basins using the burial history, present downhole temperature 
and vitrinite reflectance (Fig. 6.18). To calculate the palaeotemperature using the 
Karweil diagram several assumptions have to be made. In the isothermal model, 
temperature (Tiso) is assumed to have remained constant during the burial history, 
while in the gradthermal model, temperature (T^J is assumed to have risen 
constantly since deposition of the formation (Smith & Cook, 1984).
The palaeothermal history is then interpreted by comparing T^ and T ^  against 
present temperature (T^) using the following ratio (Smith & Cook, 1984):
Grad / Iso = (Tpra - T,J /  (T,^ - T J
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If and the Grad/Iso ratio >1 the present geothermal gradients are probably
higher than in the past, and the palaeothermal history of a formation approaches the 
gradthermal model. In contrast, if the Grad/Iso ratio is lower than 1, the present 
subsurface temperatures are probably lower than the palaeotemperatures, and the 
palaeothermal history approaches the isothermal model. However, if < Tiso and 
Grad/Iso ratio < 0, they indicate that the present geothermal gradients are 
significantly lower than in the past.
The calculated palaeothermal history of the Talang Akar Formation is listed in 
Table 6.3. The calculation is based on an age of 25 Ma (Oligo-Miocene) for the 
Talang Akar Formation. This date of 25 Ma is based on the relative position of the 
Talang Akar Formation in the study area compared to the general stratigraphic 
column for which dates from palynology and foraminiferal studies are available.
Tiso was determined from vitrinite reflectance data using scale-H (derived from 
Bostick, 1973) on the Karweil nomogram (Fig. 6.18) while was calculated from 
Tiso by using a conversion multiplication factor of 1.6 for a temperature range from 
50° to 200°C (Kantsler, 1985: Cook, 1982).'
Present temperature is calculated from the geothermal gradient using the 
borehole temperature and the following formula:
GG = (BHT - Ta) / TD 
where: GG = geothermal gradient (°C/km)
BHT = borehole temperature (°C)
Ta = ambient temperature (°C)
TD = depth where the temperature is measured (subsea depth).
Based on the survey data provided by Emery et al. (1972), the average annual 
seabed temperature in the Northwest Java Sea is 29°C. The present geothermal 
gradient in the study area, which was calculated using the above formula, varies
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from 33.2°C/km (MO-1 well) to 37°C/km (MH-1 well). The average value of the six 
geothermal gradients is 34.7°C/km. Thamrin et al. (1980) had previously reported 
that geothermal gradients in the Northwest Java Basin range between 32°C/km and 
48°C/km. Compared to other areas in the western Indonesian region, the geothermal 
gradient in the study area is moderately low. In the southern part of the basin 
(onshore areas) the geothermal gradient increases to more than 43°C/km (Sutrisman, 
1991), while to the west (South Sumatra Basin) it reaches more than 37°C/km 
(Amier, 1991). The low geothermal gradient on the Rengasdengklok High is 
probably associated with a stable area off the Sunda Shelf which has undergone no 
significant tectonic activity since Middle Miocene, while regions to the south and 
northwest correspond with a presently active volcanic zone and more active tectonic 
deformation during the Tertiary (Suyanto & Sumantri, 1977).
The lowest vitrinite reflectance value on the Karweil nomogram (Bostick, 1973; 
Fig. 6.18) is 0.5%, thus vitrinite reflectance values lower than 0.5% are not 
represented. This is probably because 0.5% is generally considered to be the lower 
limit of the oil generation window. Since the vitrinite reflectance values for the 
Talang Akar Formation are all less than 0.5% for a maximum depth of about 1600 
m (Fig. 6.19), the reconstruction of palaeothermal temperatures using the Karweil 
nomogram was done by extrapolating the Rvmax versus age line on the diagram. 
This extrapolation would appear to be reasonably valid to a reflectance of 0.4% but 
below this, the errors may be too large to provide meaningful interpretations. In this 
thermal history section, therefore, only samples having a vitrinite reflectance higher 
than 0.4% were selected for calculation.
From the data given in Table 6.3 it can be seen that the MU-1 and MZ-1 wells 
provide the only data with reflectance values above 0.4% and thus the only data 
which can be used to interpret the formation thermal history in the study area. In
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general, the Grad/Iso ratio is less than 1 and the is greater than T ^ . This 
indicates that the palaeotemperature on the Seribu Shelf Platform was higher than the 
present temperature. Figure 6.26 shows the relationship between and Tpres for 
samples coming from 5 wells in the study area. All data are plotted below the line 
where = TFes. It indicates that the Talang Akar Formation in the study area was 
subjected to an early phase of coalification process.
Based on the calculation of palaeothermal history, the Talang Akar Formation 
in both the South Sumatra and Northwest Java Basins was exposed to 
palaeotemperatures higher than present temperatures (Amier, 1991; Sutrisman, 1991).
6.5.3 Maturation and oil generation
6.5.3.1 Organic maturation
The maturation of organic matter is a product of a combination of three factors 
- temperature, pressure and time. Teichmuller & Teichmuller (1966), Murchison et 
al. (1985) and Waples (1985) pointed out that organic maturation is basically 
dependant on the burial temperature and léngth of time that the sedimentary sequence 
was buried. However, Cook (1982) and Kantsler (1985) noted that, besides time and 
temperature, pressure due to overburden and/or tectonic stress is also involved in the 
maturation process. Lopatin & Bostick (1973) argued that pressure gives only a 
minor effect on rank increase, while Bustin et al. (1983) pointed out that high 
tectonic pressure can lead to an abnormal increase in vitrinite reflectance although 
other workers suggest pressure depresses vitrinite reflectance.
Vitrinite reflectance has been used commonly as an indicator of the maturation 
level at which organic matter begins to generate oil. The use of vitrinite reflectance 
as a maturation indicator is due to the widespread distribution of vitrinite maceráis in 
sedimentary rocks and the fact that its optical properties alter more uniformly during
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thermal metamorphism than those of other macerals (Smith & Cook, 1980). Since 
vitrinite reflectance is assumed to be primarily a function of temperature, it increases
with depth.
In this study, measurements of maximum vitrinite reflectance were made on 
coal macerals and DOM from the Talang Akar Formation. The mean maximum 
vitrinite reflectance data from the Talang Akar shale at a maximum depth of 1600 m 
in the Mid Main Carbonate area falls between 0.28% and 0.48% (Table 6.4). The 
vitrinite reflectances obtained from all samples examined for this study are plotted 
versus depth in Figure 6.19. This reflectance versus depth profile shows that the 
reflectance values increase slightly and somewhat linearly with depth, especially 
below 1400 m. This is probably due to the short depth intervals made available for 
sample collections in all wells studied. The longest sample interval occurred in the 
MU-1 well where samples were taken at depths between 1508 m and 1627 m (i.e. an 
interval of 118 m). Within this interval the vitrinite reflectance increases by about 
0.06%. This value is possibly slightly higher for the depths below 1600 m.
The low values of vitrinite reflectance in the Talang Akar Formation in the 
study area are probably due to the low geothermal gradients caused by great distance 
from the heat sources in volcanic and/or tectonically active areas. As reported by 
Sutrisman (1991) to the south-southwest, closer to the centre of volcanic activity, 
vitrinite reflectance in the Talang Akar Formation is higher than 0.45% Rvmax (at 
shallow depths) and it reaches 3.47% in the Jatibarang Sub-basin in a deeper 
location.
Although a vitrinite reflectance of 0.5% is widely used as the maturation level 
for initiating oil generation (Cook, 1982; Smith & Cook, 1984; Cook & Struckmeyer, 
1986), the onset of oil generation at an Rvmax less than 0.5% has also been 
proposed by many workers. Rigby et a l (1986) stated that at vitrinite reflectances
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of 0.3% to 0.4% vitrinite-rich coal can yield hydrocarbons such as n-alkanes. Onset 
of oil generation commencing between 0.4% to 0.6% Rvmax was also reported by 
Smith & Cook (1984) and Snowdon & Powell (1982). Cook (1987), in his 
observations on Indonesian Tertiary coal deposits, noted that hydrocarbons have been 
generated at a vitrinite reflectance of 0.4%. Snowdon & Powell (1982) in their 
study of terrestrial organic matter reported that the level of maturation for the onset 
of oil generation varies as a function of the content of resinite, liptinite and vitrinite 
within the organic matter. Figure 6.25 shows that resinite-rich source rocks 
commence yielding light naphthenic oil at an Rvmax of less than 0.4% and they 
yield condensate gas at approximately 0.5% Rvmax. Vitrinite-rich source rocks, on 
the other hand, initially produce gas with thermal maturation commencing at between 
0.5% and 0.6% Rvmax (Snowdon & Powell, 1982). Furthermore Snowdon & Powell 
(1982) stated that only liptinite and resinite components generate significant amounts 
of liquid hydrocarbons at low maturation levels. This means that low amounts of 
liptinite will produce only small amounts of liquid hydrocarbons.
The maturation level for organic matter in the Talang Akar Formation in the 
Mid Main Carbonate area, where vitrinite reflectance values range between 0.28% 
and 0.48%, is thought to have reached the threshold of the oil window at less than 
0.5% Rvmax. In the adjacent Arjuna Sub-basin (to the east of study area) Gordon 
(1985) suggested a threshold for oil generation from coal associated source rocks of 
about 0.45% Rvmax. From the reflectance profile (Fig. 6.19) it can be generalized 
that the onset of the oil window for the Talang Akar Formation in the Mid Main 
Carbonate area is located at a depth of approximately 1460 m, which is equivalent to 
a present downhole temperature of about 80°C. However, in individual wells (Figs 
6.20 to 6.24) the depth for the onset of oil generation (Rvmax = 0.4%) differs from 
one well to another. For the MZ-1 well, the onset of the oil window is at about
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987 m whereas in the MH-1 well it is at 1060 m. The onset of the oil window in 
the MO-1 well is at a depth of 1310 m; in the MU-1 and MY-1 wells it is at depths
of 1508 m and 1445 m respectively.
Overall, the Talang Akar Formation in the study area should generally be 
considered in the early mature stage of oil generation.
6.5.3.2 Hydrocarbon generation
Studies of hydrocarbon generation have been carried out by many authors such 
as Heroux et a l (1979), Cook (1982), Smith & Cook (1984) and Cook (1986). 
They concluded that the principal zone of significant oil generation generally occurs 
between vitrinite reflectances of 0.50% and 1.35%. Snowdon & Powell (1982), 
however, pointed out that vitrinite macerals yield a light naphthanic oil at a 
maturation level as low as about 0.4% Rvmax (see section 6.5.3.1; Fig. 6.25). Oil is 
expelled from organic matter at temperatures ranging from 60°C to 140°C. At higher 
temperatures the humic organic matter becomes over mature for oil generation but 
mature for gas generation. Gases are generated at vitrinite reflectances ranging 
between 1.2% and 1.4% (Kantsler et al., 1983).
The vitrinite reflectances of between 0.28% and 0.48% in the Talang Akar 
Formation (shale) in the study area indicate that, where the maturity is in the lower 
part of this range, some liquid hydrocarbons may have been generated from various 
organic matter types.
6.5.3.3 Oil generation indicators ^
An indication of oil generation is shown by the presence of oil droplets, oil 
expulsion and bitumens associated with DOM in most of the samples studied.
145
Oil droplets are generally associated with vitrinite and are characterized by a 
bright greenish-yellow fluorescence (Fig. 6.13). Oil expulsions are also found and 
generally appear from fissures within the vitrinite macerals. Exsudatinite, even 
though it is only sparse, occurs within vitrinite and has a reflectance of 0.42%. It is 
also directly related to the formation of hydrocarbons as noted by Cook & 
Struckmeyer (1986).
In the samples from the study area, bitumens are characterized by a bright 
yellow to light brownish-yellow fluorescence (Figs 6.14-6.16). The bitumen may 
have been generated from liptinite and perhydrous vitrinite.
Most of the features described above are the strong indications that oil has 
been generated from coals and DOM in the Talang Akar Formation in the study 
area.
6.6 SOURCE ROCKS
Source rocks for hydrocarbon generation are rocks that contain prolific 
preserved organic matter. In the past, marine rocks were regarded as the only 
prolific source for hydrocarbons. Recently, however, hydrocarbons are also known to 
have been generated from terrestrial land plants and fresh water organic matter as 
well. Oils derived from terrestrial organic matter are generally waxy (Powell & 
McKirdy, 1975).
Liptinite is considered to be the most significant producer of hydrocarbons 
amongst the three maceral groups (Smith & Cook, 1980; Cook, 1982; Tissot & 
Welte, 1984; Snowdon & Powell, 1982). This concept was supported by Horsfield 
et al. (1988) in their study of the Aijuna Sub-basin. They noted that the high 
contents of liptinite macerals in the Talang Akar coals have generated a high-wax 
paraffinic oil which originated from hydrogen-rich plant materials.
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In the samples studied, the liptinite macérais mostly comprise sporinite 
(including sporangia), cutinite, resinite and liptodetrinite in various abundances. The 
content of these macérais is less than 5% in all samples. Cutinite is sparse to 
abundant, although in some samples no cutinite is found. Suberinite, exsudatinite 
and fluorinite are the least abundant liptinite macérais found in the samples studied. 
The data of Powell et a l  (1991) indicate that although resinite, sporinite and 
liptodetrinite have a high content of hydrogen and give a high hydrogen index value, 
the quantity of n-alkanes derived from these macérais is low relative to cutinite and 
suberinite.
Vitrinite-rich source rocks are also thought to be producers of both gas and oil 
(Smyth, 1983). The vitrinite macérais in the Talang Akar Formation in the study 
area are composed mostly of detrovitrinite and telovitrinite. In most samples vitrinite 
content is in excess of 90%. Detro vitrinite generally has a higher specific generation 
capacity, which may be significant in relation to oil generation (Cook, 1987). It may 
be markedly perhydrous, while telovitrinite tends to be orthohydrous (Gore, 1983). 
In the study area, oil drops are generally associated with detrovitrinite. This mode 
of occurrence supports the suggestion that oils might also be generated from vitrinite 
macérais.
Inertinite macérais may originate from the same precursors as those for 
vitrinite, but the difference is that inertinite macérais underwent further alteration 
during oxidation processes. In the samples studied, the most common inertinite 
macérai is inertodetrinite. Sclerotinite and semifusinite are present in very minor 
amounts. The inertinite content in all samples studied is less than 1%. Based on 
pyrolysis analyses, Khorasani (1987) stated that inertinite has no genetic potential for 
generating hydrocarbons. However, Smith & Cook (1980) and Smyth (1983) 
suggested that inertinite may have some generative potential for hydrocarbons,
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although it is considered to be only one twentieth that of liptinite (Struckmeyer, 
1988).
The data of Powell et a l  (1991) suggest that vitrinite could be the source of 
the dominantly paraffinic oils found in the Northwest Java Basin. Although the main 
precursors of vitrinite are compounds such lignin, cellulose and tannins that have 
little or no potential to generate alkanes, these compounds may be subjected to 
intense fungal and bacterial decay (Rudyanto et a l , 1994). Furthermore Rudyanto et 
a l (1994) noted that fungal and bacterial lipids are produced during this 
biodegradation and remain within the tissues when they are preserved as vitrinite. 
These lipids are likely to be precursors for alkanes and would probably be the source 
of some waxy compounds.
6.7 DISCUSSION
Organic matter in the samples studied is characterized by low inertinite and 
liptinite contents and a much higher vitrinite content. The organic matter was 
originally derived from higher land-plants and thus from a terrestrial environment. 
Coal maceráis abundances suggest a moist palaeoclimate since Smith (1962) and 
Cook (1986) concluded that an increased inertinite content indicates a dry climate, 
while high vitrinite contents indicate a moist climate.
Vitrinite reflectance measurements from the Talang Akar shale show that the 
formation has achieved a level of organic maturation equivalent to 0.28% to 0.48% 
Rvmax. The commencement of the oil window can be taken at a maximum vitrinite 
reflectance of 0.48% or even less. The presence of bitumens and oils (as oil 
droplets and oil cuts) supports the contention suggested in section 6.5 that the oil 
window has been reached in this sedimentary sequence. The Talang Akar shale is 
thus just at a marginally mature zone of oil generation and, therefore, is considered
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in the Mid Main Carbonate area to have a slight to low potential as a source rock 
for the overlying reservoirs, including the Mid Main Carbonate reservoir. The depth 
of the oil window in the study area ranges from 990 m to 1510 m. By using an 
average geothermal gradient of 34.7°C/km, this onset of oil window is equivalent to 
present downhole temperatures of between 60°C to 80°C. The vitrinite reflectance 
gradient appears to be slightly low in all the wells at depths of less than 1600 m. 
However, the reflectance gradients tend to increase below 1600 m to an estimated
gradient of about 0.15%/1000 m (Fig. 6.9).
Calculations of thermal history using gradthermal and isothermal models 
suggests that the present formation temperature is lower than the palaeotemperature. 
This implies that organic matter in the Talang Akar Formation has been subjected to 
a temperature higher than 60°C to 80°C in the past, at which temperatures oil 
generation commenced. Other studies concerning the formation temperatures for the 
onset of oil generation include Hunt (1979) and Tissot & Welte (1984) who both 
stated that onset of oil generation occurs at about 50°C to 70°C, i.e. within the 
temperature range for the Talang Akar Formation.
Based on the petrographic data, cutinite and suberinite are generally rare and 
only locally abundant within the Talang Akar Formation in the study area. Vitrinite, 
by contrast, is the dominant maceral. On the basis of volumetric abundance, it 
seems probable that vitrinite macerals are the source of high proportion of the 
paraffinic oils.
The thickness of the Talang Akar Formation in the study area is uneven but 
generally thin. The thickest sequence of the Talang Akar Formation was found in 
the MY-1 well reaching about 126 m (414 ft) whereas in some other areas it is very 
thin (30 m in MH-1 well and 13 m in P-5 well) or even absent (e.g. MM-1 well). 
Based on the facts that the Talang Akar Formation in the study area is only thin and
149
its organic maturity is just at the marginally mature zone for oil generation (early 
mature), the presence of considerable amounts of oil in the Mid Main Carbonate 
build-ups (about 120 MBO) must be additionally sourced from a deeper part of the 
succession or from the Talang Akar Formation in nearby sub-basins. As mentioned 
in Chapter 2, the study area is surrounded by several sub-basins. The nearest sub­
basins are the Aijuna Sub-basin in the east, Ciputat Sub-basin in the southwest and 
Pasir Putih Sub-basin in the southeast All three sub-basins are proven as oil 
generative basins based on the oil discoveries in these areas.
The migration of the oils into the study area is unlikely from the PasirPutih 
Sub-basin since it is prevented by the Rengasdengklok High which separates the 
Pasir Putih Sub-basin from the study area. The most favourable sources of 
hydrocarbons, thus, are from the Aijuna Sub-basin in the east and the Ciputat Sub­
basin in the south. Both these sub-basins contain very thick sequences of Talang 
Akar Formation. Gordon (1985), Horsfield et al. (1988), Pramono et al. (1990), 
Noble et al. (1991) and Rudyanto et al. (1994) observed that the deltaic sediments of 
Talang Akar Formation from the Aijuna Sub-basin are mature enough and are the 
most prolific source for hydrocarbons in the Northwest Java Basin. The study of the 
Talang Akar Formation from the onshore Northwest Java Basin by Sutrisman (1991) 
concluded that the Talang Akar Formation in the Ciputat Sub-basin has reached a 
high enough organic thermal maturity to produce oils in this sub-basin. The works 
of the above authors support the contention that the oil trapped in the Mid Main 
Carbonate reservoirs could have been sourced from the Talang Akar Formation 
within these two sub-basins.
The samples used in this study represent only 25 cutting samples collected 
from 5 wells. The samples are insufficient in number to present the oil generation 
history for the whole study area. The resulting data, however, does broadly delineate
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the relationship between maturation of organic matter and oil generation 
Northwest Java Basin. A more detailed study of organic macérais and









An assessment of the hydrocarbon potential of organic matter is one of the 
major goals for the geological application of organic geochemistry. Many techniques 
have been developed in order to provide quantitative data which could determine the 
ability of a given source rock to generate hydrocarbons. Nevertheless, the most 
commonly used technique to determine hydrocarbon potential is Rock-Eval pyrolysis 
(Espitalie et a l , 1985; Horsfield et al., 1988).
Oils, on the other hand, have been analysed using gas chromatography and gas 
chromatography-mass spectrometry, and recently these have become the most 
commonly used techniques for assessment of the maturity, environment and source 
indicators of petroleum-bearing strata.
Analyses of three source rock extracts from the Talang Akar Formation (shale 
samples) and three oils entrapped within the Mid Main Carbonate reservoir are 
compared. The comparison confirms that, in general, the Mid Main Carbonate oils 
have a strongly similarity in the chemistry with the extracted oils from the 
underlying Talang Akar Formation; both showing the waxy and paraffinic 
characteristics of a land plant origin.
7.2 SOURCE ROCK GEOCHEMISTRY
Source rocks for hydrocarbon generation are those that contain abundant 
preserved organic mater, including marine and fresh water organisms as well as 
terrestrial land plants. To examine possible sources for the Mid Main Carbonate
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oils, Rock-Eval pyrolysis and pyrolysis-gas chromatography were carried out on 
selected Talang Akar samples from the MB-4 well. The laboratory work was 
conducted in LEMIGAS, Jakarta.
The results of the Rock-Eval pyrolysis and pyrolysis-gas chromatography of the 
extracts are presented in Tables 7.8 & 7.9, and Figure 7.9.
7.2.1 Rock-Eval pyrolysis
The analysis requires 50 to 100 mg of powdered rock. In the Rock-Eval 
pyrolyser the sample is slowly heated, starting from a temperature of 250°C to a 
maximum temperature of 550°C. During the heating, firstly the hydrocarbons already 
present within the rock (called SI) are released at low temperature. At higher 
temperatures (>350°C) other hydrocarbons are generated. The latter hydrocarbons 
(named S2) represent those generated from kerogen by the thermal decomposition 
process during heating. Other than hydrocarbons, carbon dioxide is also released 
from the kerogen and is termed S3. The quantities of these hydrocarbons and 
carbon dioxide are recorded on the output chart paper.
Four basic parameters are provided by the Rock-Eval. SI represents the 
amount of free hydrocarbons, while S2 provides the hydrocarbon generating potential 
and is representative of the amount of hydrocarbons produced from the kerogen 
within the rock sample. S3 represents the C02 coming from the sample. SI and S2 
are measured in kilograms of hydrocarbons per tonne of rock. The fourth parameter 




The total amount of hydrocarbons present as volatile compounds, S1+S2, 
represents the potential yield and allows a semi-quantitative evaluation of potential 
source rocks. It characterizes the total amount of hydrocarbons which can be 
released during maturation.
Tissot & Welte (1984) proposed a classification for source rock potential to 
produce hydrocarbons, based on S1+S2, as follows:
S1+S2 : < 2 kg/tonne —> poor source potential
2-6 kg/tonne —> moderate source potential
> 6 kg/tonne —> good source potential
>100 kg/tonne —> excellent source potential
The 10 samples of Talang Akar Formation, taken from MB-4 well, have an 
average source potential value of 2.74 kg/tonne (Table 7.8) indicating a moderate 
source potential for oil generation. This result is similar to the work of Sutrisman 
(1991) since he noted that the potential of the Talang Akar Formation in the 
Rengasdengklok High is just at the boundary between moderate and poor source 
potential, as indicated by a mean value of S1+S2 equal to 2.37 kg/tonne.
Production Index
The production index (PI) represents the amount of hydrocarbons generated 
relative to the total amount of hydrocarbons present: S1/S1+S2. PI can be used as a 
maturity indicator. Oils will start to be generated from source rocks at a PI between 
0.05 and 0.10 (Espitalie et al., 1985). The maximum oil formation is reached at a 
PI of 0.30 to 0.40.
In the Talang Akar Formation in the Mid Main Carbonate area, most of the PI 
values are above 0.06 (average 0.11).
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Hydrogen Index and Oxygen Index
Hydrogen index (HI) and oxygen index (01) are qualitative rather than 
quantitative parameters. Both the hydrogen and oxygen indices decrease in value 
with increasing maturity. High hydrogen indices indicate predominantly oil-prone 
source rocks whereas high oxygen indices suggest gas-prone source rocks.
Peters (1986) proposed a guideline for evaluating source rock for hydrocarbon 
potential based on the hydrogen index values. Source rocks containing an HI less 
than 150 are considered to be gas prone; with an HI between 150 and 300 they are 
considered to be both gas and oil prone; whereas for an HI greater than 300 they are 
interpreted to be oil prone. Waples (1985) stated that source rocks having HI values 
greater than 300 only indicate a moderate potential to produce oils. A very good 
potential for a source rock to produce oil is indicated by an HI value of > 600.
In this study hydrogen indices range from 70 to 336. In general, however, HI 
values in the Talang Akar shales average about 160 (Table 7.8). Therefore, the 
Talang Akar shales in the study area can be considered as a source for only minor 
amounts of gas and oil (cf. Waples, 1985).
Pyrolysis Tmax
Tmax is the temperature at which the quantity of generated hydrocarbons (S2) 
reaches its peak. This temperature is frequently used as a maturity indicator because, 
as the maturity of a kerogen increases, the temperature at which the maximum rate 
of pyrolysis occurs also increases (Waples, 1985). Espitalie et al. (1985) postulated 
that a Tmax of 430°C to 435°C is the temperature at which the maximum rate of oil 
generation occurs. Tmax values below 430°C characterize immature samples whereas 
values in excess of 460°C are overmature.
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The Tmax values from rock-eval analysis of the samples studied range from 
425°C to 435°C (average 429°C; Table 7.8). These temperatures suggest that some 
oil has been generated from organic matter within these source rocks.
Total Organic Carbon
The amount of organic matter present in a rock is expressed as Total Organic 
Carbon (TOC) which is measured as a weight percent of the rock. TOC is the most 
important screening technique in source rock analysis. It requires about one gram of 
finely ground rock, and the analysis was run using a Leco carbon analyser. At a 
very high temperature all organic carbon is converted to carbon dioxide. The 
amount of carbon dioxide produced is proportional to the organic carbon content of 
the rock.
The following standard scale for interpretation of TOC was proposed by Peters 
(1986):
Total organic carbon Source rock implications
< 0.5% poor source capability
0.5 - 1% fair source capability
1 - 2 %  good source capability
> 2% very good source capability
In the study area the TOC content is very low in carbonate rocks (0.30%, 
Table 7.8). However, in general, the TOC content in most clastic samples is higher 
than 0.5% and the average value of TOC in the shale samples is 1.61%. The
highest value in the area studied is 3.02% at a depth of 1483 m. It can, therefore,
be considered that the amount of organic matter in the Talang Akar shale in the 
study area represents a fair to good source potential.
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7.2.2 Pyrolysis-gas chromatography
When source rocks were run using a pyrolyser, under high temperature, 
hydrocarbons were generated from the kerogen. To detect the composition of such 
hydrocarbons, the pyrolyser can be linked with gas chromatography (GC). In 
pyrolysis-gas chromatography the hydrocarbons produced during pyrolysis of the S2 
peak are injected into a GC column. Different extracted oil types can be identified 
by their distinctive pyrolysis-gas chromatographic signatures. Furthermore, 
correlations between oils and extracts can be attempted by comparing gas 
chromatograms of reservoir oils with pyrolysis-gas chromatograms of oil extracts
from potential source rocks.
Three samples from the Talang Akar Formation from the MB-4 well were run 
using pyrolysis-gas chromatography. The results of the analyses are presented in 
Table 7.9 and a representative gas chromatogram of oil extracts is shown in Figure
7.9.
The most characteristic features of the three extracts are the high ratio of 
pristane to phytane (4.3 average), high pristane to n-C17 ratio (>1) and low phytane 
to n-C18 ratio. These oils are waxy and paraffinic as indicated by the high peak of 
alkanes, especially at carbon numbers higher than 22 (>C22) and CPI higher than 1. 
Such characteristics suggest that the extracted oils were generated from land plant 
detritus.
7.3 O IL G EO C H EM ISTR Y
Organic compounds known as biological markers are playing an increasingly
important role in petroleum exploration. By studying the biological markers present 
in a crude oil, the oil can be linked to the chemical structure of precursor 
compounds occurring in the original source material.
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Simple structures such as n-alkanes can be detected easily using gas 
chromatography alone. The distribution of n-alkanes and the regular isoprenoids 
(pristane and phytane) that can be determined from gas chromatography has been 
used commonly in the petroleum industry as biomarkers to indicate the source of the 
organic matter in a sample, as well as an indicator of the amount of biodegradation 
suffered by the sample. Other isoprenoids, such as steranes and triterpanes, that are 
generally present in much lower concentrations and have a more complex structure 
than the n-alkanes, cannot be detected by gas chromatography. The use of the gas 
chromatography-mass spectrometry technique is, therefore, necessary for these more 
complex molecules. Using this latter technique, a compound is broken down into 
characteristic ionized fragments and identified on the basis of the masses and relative 
concentrations of these ions.
The biomarkers detected by using gas chromatography-mass spectrometry 
fragmentograms have been considered to represent the most diagnostic factors for 
delineating the probable source facies and maturity of naturally occurring 
hydrocarbon deposits (Seifert & Moldowan, 1978; Philp, 1985; Palacas et al., 1984).
In this study, three crude oils from different reservoir rocks in the study area 
(M-MM1, M-MM2 and M-MM3 oils) have been analysed for biological marker 
compounds by gas chromatography and gas chromatograph-mass spectrometry. The 
analyses were carried out by C. Boreham, J. Hope and R. Summons at the Australian 
Geological Survey Organisation, Canberra, on samples provide by the author.
The aim of this part of the study was to delineate the characteristic features of 
the Mid Main Carbonate oils which, in turn, by using typical biological markers, 
leads to an assessment of the maturity and source of the oils.
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7.3.1 Sample fractionation
Three crude o ils from the Seribu Shelf Mid M ain Carbonate area, Northw est 
Java Basin, were analysed by colum n chromatography, gas chromatography and gas  
chromatography-mass spectrometry.
Column chromatography was used to fractionate the crude o il into saturated 
hydrocarbons, aromatic hydrocarbons and NSO-polar hydrocarbons.
Approximately 100 m g o f each crude oil w as placed on a 12 g silica  ge l 
colum n and three fractions were collected, in 100 m l round bottom flasks, by eluting  
the colum n with:
i) 40 ml petroleum spirit
ii) 50 ml petroleum spirit/dichloromethane (1:1)
iii) 40 ml chloroform/methanol (1:1).
Each fraction was reduced in volume on a rotary evaporator to approximately 1 ml 
and transfered to a stream of dry nitrogen. Percent compositions of the resultant 
hydrocarbons were calculated on the basis of the original starting weights.
7.3.2 Analytical Methods
7.3.2.1 Gas chromatography analyses
Relative abundance of individual components of saturated and aromatic 
hydrocarbon fractions were studied using a Varian 3400 gas chromatograph. This 
gas chromatograph was equipped with a 25 m x 0.2 mm fused silica cross-linked 
methylsilicone column (Ultra-1, Hewlett Packard). The samples, in hexane, were 
injected on-column at 60°C and the column was heated to 300°C at 4°C/min with a 
hold period of 30 min. Hydrogen with a linear flow of 30 cm/s was used as a 
carrier gas. These conditions followed the procedure of Summons & Powell (1987).
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13.2.2 Gas chromatography-mass spectrometry analyses
Gas chromatography-mass spectrometry analyses were carried out in a similar 
manner to the gas chromatography analyses. They utilized a VG 7070E mass 
spectrometer fitted with an HP 5790 gas chromatograph and a VG 11-250 data 
system. The gas chromatograph was equipped with an HP Ultra-1 capillary column 
(50 m x 0.2 mm) and a retention gap of uncoated fused silica (1.0 m x 0.33 mm). 
The samples, in hexane, were injected on-column at 60°C (S.G.E. OC13 injector) and 
the oven was heated to 300°C at 3°C/min. The source was operated at 240°C and 70 
eV ionization potential. In the full scan mode, the mass spectrometer was moved at 
a scan rate of 1.8 s/decade over a mass range of 700 - 60 dalton with a 0.2 s delay. 
This analysis employed multiple metastable reaction monitoring (MRM) of 25 
diagnostic parent-daughter relationships. The compounds covered were the series of 
C26-C2o desmethyl-, C28-C30 methyl-, and C29-C31 dimethyl-steranes and rearranged 
steranes, C21-CM triterpanes and C28-C32 methylhopanes. Components in the aromatic 
fraction were detected using selected ion monitoring (SIM) of 25 diagnostic ions for 
mono-, di- and triaromatic steranes, monoaromatic hopanes, dimethyl- and trimethyl- 
naphthalene, phenanthrene and methyl-phenanthrene.
7.3.3 Results
7.3.3.1 Gas chromatography analyses 
Normal alkanes
Tables 7.1 & 7.2 respectively represent the result of gross compositional data 
from liquid chromatography of whole oil and quantitative results on n-alkanes for the 
three Mid Main Carbonate oils. Table 7.1 shows the predominance of saturated 
hydrocarbons (n-alkanes) in all three oils. The gas chromatography traces (Fig. 7.1) 
reveal that the three oils have similar characteristic features. They show that the
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saturated hydrocarbons are dominated by an homologous series of n-alkanes. These 
normal paraffins show a slight odd-to-even predominance, as indicated by a common 
preference index > 1 (CPI of Moldowan et a l , 1985) especially in the region 
between C23 to C27; and they have a significant quantity of waxy-range compounds. 
The high wax content is indicated by high peaks of n-alkanes (in the region greater 
than C22). This distribution of waxy n-alkanes indicates that these oils were 
generated mainly from organic matter of land plant or algal origin (Cooper & Bray, 
1963; Hedberg, 1968; Albrecht & Ourisson, 1971). The ratio of n-C31/n-C19, written 
as C31/C19 in Table 7.2, is also a measure of crude oil waxiness. All ratios are 
greater than 0.4 suggesting that the oils are non-marine (Moldowan et a l, 1985).
Isoprenoids
The gas chromatography traces also reveal moderate to high abundances of i- 
C15 to i-C20 acyclic isoprenoid peaks including pristane (i-C19) and phytane (i-C20). 
Pristane (i-C19) is the most abundant single hydrocarbon in the whole oils (Fig. 7.1). 
Consequently, a specific feature of these three oils is the extremely high ratio of 
pristane to phytane (pristane/phytane greater than 7, Table 7.3) which characterizes a 
land plant source and hence a terrestrial environment (Hunt, 1979; Waples, 1985).
Other characteristics of the oils which support a land plant source are the 
relatively high ratio of pristane to n-C17 (>1) and the low ratio of phytane to n-C18 
(<1). Using the template (pristane/n-C17 versus phytane/n-C18) of Bissada et a l  
(1992; modified from Schumacher & Parker, 1990), all three oils are characteristic of 
predominantly land-plant derived source organic matter (humic kerogen) deposited 
under moderately oxidizing conditions (Fig. 7.9). Data from the plot of pristane/n- 
C17 versus phytane/n-C18 provide similar results to the works of Palacas et a l  (1984) 
and Waples (1985).
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7.3.3.2 Gas chromatography mass spectrometry analyses 
Aromatic hydrocarbons 4
The selected ion monitoring traces for the aromatic fraction revealed the 
presence of aromatic hopanes and steranes which are in quantities below the 
concentration limits for accurate identification. Dimethylnaphthalenes, 
trimethylnaphthalenes, phenanthrene and methylphenanthrenes are, however, relatively 
abundant (Fig. 7.2). From the relative intensity of the mass-to-charge ratio (m/z) 178 
and m/z 192, the methylphenanthrene index (MPI) of Radke & Welte (1983) can be 
obtained, which converts to a calculated vitrinite reflectance (VR^) of 0.74 to 0.78 
using the formula of Boreham et a l (1988; Table 7.5). These vitrinite reflectance 
values calculated from MPI data from the oils are significantly higher than the 
measured vitrinite reflectance within the local potential source rocks. Higher values 
of calculated vitrinite reflectance were also reported by Rudyanto et al. (1994) in 
their work on source rocks and the extracted oils coming from the South Palembang 
and Northwest Java Basins. They noted that calculated vitrinite reflectance using the 
MPI of the oils provided a value 0.1% to 0.2% higher than the measured vitrinite 
reflectance from their source materials. The MPI value represents the maximum 
maturity to which the oil has been subjected.
Saturated hydrocarbons 
Pentacvclic triterpanoids
Metastable reaction monitoring (MRM) chromatograms for m/z 191 reactions 
show three series of compounds (Fig. 7.4). The dominant and middle eluting series 
contains the ubiquitous pseudohomologous series of C27, C29+ pentacyclic triterpanes. 
They are considered to have originated from the membranes of bacteria and 
cyanobacteria (Tissot & Welte, 1984). The C27 member is 17<*(H)-trisnorhopane
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(Tm) and is the first member of the homologous series of 17°<=(H), 2 1 p(H)-hopanes 
which extends up to C35. The C31 and higher extended members of the series occur 
as 22S and 22R epimers, and thus appear as resolved doublets. The 22S 
configuration corresponds to the more stable geologically derived stereochemistry and 
an end-point value of 60% 22S is achieved at the initial stage of oil generation 
(Seifert & Moldowan, 1978). The later eluting series corresponds to 170(H),2 1~(H)- 
moretane. The proportion of moretane to hopane is <10% (Table 7.7, col. C). This 
is also considered to be an end-point value (Mackenzie et al., 1980) and is consistent 
with an oil released within the main phase of oil generation or higher maturity. For 
the extended members the C31 22S and 22R epimers are not resolved although 
doublets occur for the higher homologues. The earliest eluting series of hopanes 
appears to begin with 18«:(H)-22,29,30-trisnomeohopane (Ts) which is in about the 
same abundance as Tm for the Mid Main Carbonate oils (Table 7.7, col. D). An 
interconversion of Tm to Ts is thought to exist, reaching an end-point at peak oil 
generation (Seifert & Moldowan, 1978). Another minor series, recently identified as 
diahopanes (Moldowan et al., 1991, in prep), commence with C29, and continues up 
to the last analysed member. Again the extended members > C31 occur as 
doublets, presumably 22S and 22R epimers. Other triterpanoids identified are the 
almost coeluting C30 isomers of 18~(H)- and 180(H)-oleanane (Riva et a l , 1988; Figs 
7.4d & 7.7).
Methylhopanes, visible in the m/z 205 transition (Fig. 7.5), have a relatively 
low abundance (up to 4.7%; Table 7.7, col F) compared with the corresponding 
desmethyl counterpart. The stereochemistry corresponds to 2«=-methyl, 17 oe <H), 
21P(H) with subordinate amounts of 3P-methyl, 17«(H), 21p(H) (Summons & 
Jahnke, 1989). The latter compound in the Mid Main Carbonate oils is in such a 
low concentration that it cannot be detected in the MRM chromatograms.
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Steranes
From the mass-to-charge ratio (m/z) 217 reactions steranes and methylsteranes 
can be measured. Sterane identifications are listed in Fig. 7.6. All samples
contained C27-C29 steranes while the most notable absences were C30
desmethylsteranes and 2°c-methyl, 3(3-methyl and 4°c-methylsteranes. The Mid Main 
Carbonate oils show that 20S+20R 5°c(H),13(3(H),17|3(H) and 5°c(H),13°c(H),17(3(H) 
diasteranes are slightly more abundant than the 20S+20R 5 oc (H),14oc(H),17oc(H) and 
5°c(H),14P(H),17(3(H) steranes (Table 7.7, col. E). A triangular plot of the relative 
abundance of C27, C28 and C29 steranes (Huang & Meinschein, 1979) in oils can 
provide information about the source of the organic matter (Fig. 7.8). For the 20R 
5°c(H),14(3(H),17°c(H) stereochemistry the C28 homologue is minor compared to the 
concentrations of C27 and C29 members. The C27 homologue becomes a progressively 
less dominant partner sequentially in the M-MM1, M-MM2 and M-MM3 oils. With 
increasing thermal stress, the initial biological ocococ-20R configuration changes to one 
dominated by the ocococ-20S and °c(3|3-20S+R epimers. At the onset of oil generation 
39% of the 20S isomer is present while an end-point value of 50-60% 20S isomer 
occurs at peak oil generation (Mackenzie, 1984).
7.4 D ISC U SSIO N
7.4.1 Source param eters
Apart from the pristane/n-C17, phytane/n-C18 and pristane/phytane ratios, 
information regarding organic source type may also be obtained from the relative 
abundance of C27 : C28 : C29 steranes (Huang & Meinschein, 1979; Boreham & 
Powell, 1987). Land plant inputs are usually inferred from a dominance of the C29 
sterane. However, algae possess a wide range of desmethyl sterols (C26-C29) and also 
may produce an oil with a major C29 component. The near equal amounts of C27
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and C29 steranes (Fig. 7.8) in all the Mid Main Carbonate oils suggests that sterols 
from a variety of sources might have contributed to the resultant oil. However, the 
relatively high concentration of bicadinane-type resin products (noted as W, T and R; 
Grantham et a l, 1983; Figs 7.4, 7.6 & 7.7) suggest that higher land-plants have been 
a significant source for the Mid Main Carbonate oils (cf. Grantham et a l, 1983; Cox 
et al., 1986; Van Aarssen et al., 1990; Alam & Pearson, 1990). This series of 
bicadinane-type resin compounds, usually consisting of three hydrocarbons (W, T and 
R) has been found only in Far Eastern crude oils (Grantham et a l , 1983; Cox et al., 
1986; Van Aarssen et al., 1990; Alam & Pearson, 1990). The two unknown peaks, 
whose retention times appear just after T and R of Grantham et al. (1983; Figs 7.4,
7.6 & 7.7), are probably of C30 bicadinane-resin compounds (Summons, pers. comm., 
1991) and are labelled T’ and R \ The presence of lS^HJ-oleanane is also related 
to the presence of land-plant derived organic matter in the source rock (Grantham et 
al., 1983) and is probably derived from angiosperm precursors (Riva et al., 1988; 
Alam & Pearson, 1990).
Furthermore, enhanced levels of 1-methylphenanthrene and 1,2,5-
trimethylphenanthrene compared with the non-specific isomers (Fig 7.3; Alexander et 
a l, 1988) infers an input from an Araucariaran conifer flora for the M-MM1 oil. 
This input may be masked in the other two oils, both more mature, since an increase 
in maturity appears to dilute the original distribution (Alexander et a l, 1988). A 
terrestrial source for the oils is further supported by the high Pr/Ph ratio and an n- 
alkane distribution in the C12+ fraction maximising in the wax region (>n-C22) at an 
odd homologue. The larger amounts of C30 hopane compared with the C29
homologue (Table 7.7, col. G) is consistent with a non-carbonate-rich source rock, as 
is the higher abundance of diasteranes compared with steranes. In the latter case 
generation of diasteranes from rearrangements of steranes during early diagenesis is
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thought to be catalysed by the acidic sites on clay minerals (R. Summons, pers. 
comm., 1991). The absence of the specific marine marker, C30 desmethylsterane, 
confirms minimal or no marine influence in the depositional environment (Moldowan 
et al., 1985).
A significant and variable bacterial contribution is seen from the relative 
abundances of the hopanes to steranes (Table 7.7, col. J) and the occurrence of 
minor methylhopanes (Table 7.7, col. F). Sedimentary hopanes are known to be 
derived from functionalized hopanoids in bacteria, while hopanoids and hopane 
polyols having an additional methyl substitution at C-2 or C-3 in ring-A have been 
recognized in several classes of bacteria (e.g. methylotrophs and cyanobacteria; R. 
Summons, pers. comm., 1991). Price et al. (1987) made the observation that
methylhopanes are often very abundant in carbonate sediments (up to 20% of the 
hopane analogue; Summons & Jahnke, 1989) although they are not diagnostic of this 
lithology. The relative abundance of methylhopanes (4-6%, Table 7.7, col. F) is 
within a common range (1-10%) and is not indicative of any specific environment.
7.4.2 Maturity parameters
The most important biomarker maturity parameter is the ratio of the two 
epimeric forms (20R and 20S) of the <*«-steranes. During biological transformation 
the proportion of 20S for any of the C27, C28 or C29 steranes increases with increasing 
maturity. The thermal maturity will reach an end-point at approximately 55% 20S 
and 45% 20R (Mackenzie et al., 1980; Waples & Machihara, 1990). In this study 
the ratio of 20R and 20S is expressed in 20S/(20R+20S) of the
5°c(H), 14°c(H), 17°c(H)-ethylsterane (C29). The 20S/(20R+20S) ratios of the oils studied 
are considered to be high, ranging from 59.8 to 71.5% (Table 7.7, col. A), indicating
mature oils.
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Similarly, the ratio of 22R and 22S epimer expressed in 22S/(22R+22S) 
17~(H),21p(H)-bishomohopane (Table 7.7, col. B) has also been used as a maturity 
indicator. Transformation of the biologically produced 22R form of C31-C35 extended 
17~(H)-hopanes to the 22S epimer occurs in the same manner as the 20R-20S 
conversion for the steranes, but at a faster rate (Waples & Machihara, 1990). The 
end-point of the maturity for the 22R/22S ratio is at approximately 60% 22S and 
40% 22R (Mackenzie et al., 1980; Waples & Machihara, 1990). For the three Mid 
Main Carbonate oils the maturity parameter derived from the stereoisomeric ratio of 
22/(22S+22R)17<*(H), 2iP(H)-bishomohopane is close to the end-point value of 60% 
(Table 7.7, col. B). Again this indicates that these oils are mature.
Moretanes are much less stable than hopanes, and thus decrease in 
concentration more rapidly with increasing maturity. The proportion of moretane 
being <10% hopane (Table 7.7, col. C) is further evidence of a mature signature of 
the Mid Main Carbonate oils.
The Mid Main Carbonate oils appear to have been produced during the main 
phase of oil generation. Slight source ihfluences on the methylphenanthrene index 
(MPI) appear to have masked the true ordering for these oils. The ratio of 17^(H)- 
trisnorhopane to 18°c(H)-trisnomeohopane (or Tm/Ts) can be used as an indicator of 
thermal maturity. Seifert & Moldowan (1978) and Philp & Gilbert (1986) stated that 
Tm will decrease in concentration as a result of increasing maturity, whereas the 
more stable Ts increases. On the basis of this finding the Mid Main Carbonate oils, 
which have ratios as high as 1.0, 0.91 and 1.01 (Table 7.7, col. D) would be 
considered mature. If the Tm/Ts ratio is primarily temperature dependent, the three 
Mid Main Carbonate oils should have been generated and expelled at a mature stage 
(within the main phase of oil generation). However, the Tm/Ts ratio might be 
influenced by source input since oil that originates from terrestrial organic matter
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will give a high Tm/Ts value (Moldowan et al., 1986; Robinson, 1987). Thus in 
this case, neither MPI nor Tm/Ts represent absolute maturation parameters but rather 
they act as useful relative indicators.
7.4.3 Biodegradation
Biodegradation of a crude oil leads to a sequential removal of n-alkanes, 
isoprenoids and other branched alkanes, and even some cyclic alkanes (Bailey et al., 
1973; Goodwin et al., 1982). Aromatic hydrocarbons are also degraded so that gas 
chromatograms of severely degraded oils often show little more than unresolved 
complex mixtures (Volkman et al., 1983a).
Figure 7.1 shows that the Mid Main Carbonate oils indicate no apparent 
evidence of biodegradation. This is shown by the presence of abundant n-alkanes 
(C9 to C34). Volkman et al. (1983b) classified this type of oil as level 1 (not 
degraded oil). Other evidence supporting the non-degraded nature of the oil is the 
high value of the pristane/n-C17 and low value of the phytane/n-C18 ratios (Table 7.3; 
Volkman et al., 1983a).
When the Mid Main Carbonate oils are compared with Damar-1 and Duri-147 
oils from the Central Sumatra Basin (Seifert & Moldowan, 1981), the latter show 
evidence of biodegradation where the n-alkanes have been depleted and the 
isoprenoids (pristane and phytane) are more concentrated in the residue.
7.4.4 Climate and geography
Bicadinanes come from dammar resin (local name) obtained from trees of the 
family Dipterocarpaceae, a family of angiosperm hardwood trees, which grows 
abundantly in Southeast Asia. The high abundance of bicadinanes in the oils may be 
contributed by the depolymerization of the dammar resin (Grantham et al., 1983).
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Bicadinanes are, therefore, not restricted to the Far Eastern Region (Grantham et al., 
1983), but are more typical of tropical areas, especially in Southeast Asia.
7.5 OIL - SOURCE ROCKS COMPARISON
Correlation between oils and extracts from source rocks can be attempted by 
comparing gas chromatograms of oils with pyrolysis-gas chromatograms of extracts. 
The comparisons of the means and ranges of the normal alkanes for oils and source 
rocks from the study area is presented in Table 7.10. The pristane to phytane ratio 
is high in both oils and extracts (mean >4). In this case the oils have extremely 
high Pr/Ph ratios. High values are also shown in the pristane to n-C17 ratio (greater 
than 1). These two parameters for both the oils and extracts are characteristic of a 
terrestrial land-plant origin. Such a source is also supported by the presence of low 
values of the phytane to n-C18 ratio (less than 0.5).
Both oils and extracts are paraffinic and waxy as indicated by the high peaks 
of alkanes (>C22) and CPI higher than 1. This oils contain much higher contents of 
n-alkanes than the extracts. 1
Based on the gross compositional data of the chemistry, it shows the oils are
very similar to the source extractions in both the ranges and means. It, therefore,
can be considered that the suites of potential source rocks (the Talang Akar
Formation) are at least very similar to the facies that sourced the oils trapped in the 
Mid Main Carbonate reservoirs.
MPI data indicate that the oils have been generated from mature source rocks 
with mean Rvmax of 0.75% (mid mature). This maturity of oil generation is
supported by the result of Tmax (between 420°C and 435°C) and PI (>0.06) which 
also indicate a mature phase of oil generation. Similar indications of a mature 
signature for the Mid Main Carbonate oils were derived from the stereoisomeric
169
ratios obtained from the organic geochemistry. However, the vitrinite reflectance and 
source rock geochemistry obtained from the organic matter within the local Talang 
Akar source rocks, indicate that the maturity of this sequence is too low to have 
generated the bulk of the Mid Main Carbonate oils. This suggests that oils may 
have been generated in a deeper area from essentially the same source rocks and 
thus may have migrated into the Mid Main Carbonate area.
7.6 COMPARISON OF OIL CHEMISTRY WITH ADJACENT SUB-BASINS
The chemistry of the Mid Main Carbonate oils can be compared with oils from 
the onshore Northwest Java Basin, as well as from the South Palembang Sub-basin. 
The basic features of such comparisons are presented in Table 7.11.
All oils are paraffinic and waxy and they are dominated by saturated 
hydrocarbons (>60%). They show characteristically high ratios of pristane compared 
to phytane (>4) which, using the criteria of Hunt (1979), characterizes material of 
terrestrial land-plant origin. A high pristane to n-C17 ratio is found in all oils, but it 
is more marked in the onshore part of the Northwest Java Basin (>2). A pristane to 
n-C17 ratio greater than 1 characterizes land-derived organic matter, while lower than 
1 typify oils generated from aquatic (marine or lacustrine)-derived organic matter 
(Hunt, 1979). The phytane to n-C18 ratios in all the oils are low (<0.5).
Bicadinanes are prominent in all sub-basins and so are oleananes. The latter 
are less abundant than the bicadinanes, but they are more prominent in the South 
Palembang Sub-basin than in the other sub-basins.
Based on the gross chemistry, all oils have similar affinities with terrestrial 
sourced organic matter and were probably derived from the coaly organic matter in 
the Talang Akar Formation.
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If the Mid Main Carbonate oils are compared with oils from the Sunda Sub­
basin, which is located west-northwest of the study area Oust east of the South 
Sumatra Basin), the Mid Main Carbonate oils show a similarity to some of Sunda 
oils. The Sunda oils were sourced from three different environments. Some Sunda 
oils originated from land-derived organic matter, some were from aquatic-derived 
organic matter, whereas the remainder appear to have been generated from a mixed 
source containing the two types of organic matter (Molina, 1985; Fig. 7.9). Figure
7.9 shows histograms of the n-C17 to pristane ratio (inverse of pristane/n-C17) and an 
n-alkane ratio ([C21+C22]/[C28+C29]) derived from gas-chromatograms. If an n-alkane 
ratio lies between 0 . 6  and 1 .2 , it characterizes terrestrial plant-derived organic matter, 
whereas a ratio greater than 3  strongly typifies aquatic-derived organic matter 
(Molina, 1985). Calculation of the equivalent n-alkane ratio for the Mid Main 
Carbonate oils (Table 7.2) provides a mean value of approximately 1.2, which 
confirms a terrestrial organic source material. Figure 7.11 shows that some oils from 
the Sunda Sub-basin have similar values to Mid Main Carbonate oils (ZZZ-1, 
Kartini-1, AA-2, and AV-1 oils with Pr/n-C17 values of less than 1, and n-alkane 
values of less than 1.2). The main difference between the Sunda oils and the Mid 
Main Carbonate oils is that the Sunda oils show a range of pristane/n-C17 ratios from 
2 to 0.25, suggesting that they were generated from both land- and aquatic-derived 
organic matter (Fig. 7.11). A few oils with relatively low pristane abundance in the 
Talang Akar Formation were assessed as having algal affinities by Rudyanto et a l  
(1994).
7.7 PETROLEUM POTENTIAL IN THE MID MAIN CARBONATE
The quality of a reservoir for entrapping and releasing hydrocarbons is 
dependant not only on its effective porosity and permeability, but also on the
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geometry and arrangement of the pores within the reservoir rocks, the presence of 
interconnected fractures, the degree of hydrocarbon saturation and the pressure 
systems operating within the trap.
In this study, the future petroleum potential of the Mid Main Carbonate area 
can only be assessed on the basis of sedimentological, diagenetic and structural 
criteria since no information regarding reservoir pressures, oil-water and gas-oil 
contacts, or production history from wells in the various fields, was made available 
to the author.
On the basis of sedimentological criteria, the lithofacies analysis of carbonate 
build-ups in the Mid Main Carbonate show a consistent pattern. The coarsest 
lithofacies representing reef flank, reef crest and adjacent back-reef flat environments 
occur along the southern margins of the build-ups and would be expected to have the 
best porosity potential. These coarse reef facies probably also extended northwards 
along the eastern and western flanks of the build-ups. The central and northern parts 
of the build-ups are dominated by finer grained wackestone facies deposited within a 
lower energy lagoonal environment. In terms of sedimentological criteria, the reef 
margin facies would be expected to have a greater hydrocarbon potential than the 
lagoonal facies in each build-up.
Diagenetic modification of the carbonate facies has provided a major control on 
the distribution of good reservoir sequences. The main factors influencing the post­
depositional modification of the porosity distribution within the various facies are 
early diagenetic marine and vadose cementation, and later diagenetic dissolution and 
cementation. The latter processes appear to have had the greatest effect on the 
current petroleum potential in the Mid Main Carbonate build-ups and have, in turn, 
been influenced by structural controls.
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Post-depositional tilting and faulting has exerted a structural control on the 
field. Slight southward tilting of the Seribu platform since the Middle Miocene (as 
shown by the structure contours on the top of the Mid Main Carbonate, Fig. 1.2) is 
probably related to active subduction farther south and to the large quantities of Late 
Cenozoic sedimentary and volcanic material deposited along the northern margin of 
Java. This structural tilting means that any oil that accumulates in the Mid Main 
Carbonate build-ups will be forced into the northern lagoonal parts of the reef 
sequences rather than accumulating in the coarser reef crest and reef margin facies. 
Oil will only be present in the latter facies if the oil-water contact is at a low level 
in the field. The position of the oil-water contact would have also influenced the 
amount of diagenetic alteration within the various facies since diagenesis is curtailed 
within a petroleum-bearing reservoir.
Oil migration is commonly associated with the period of maximum oil 
generation and high geothermal gradients within the sequence and commonly follows 
an initial phase of subsurface dissolution of carbonate components. This may 
account for the best reservoir characteristics being preserved in the predominantly 
wackestone sequence of the Foraminiferal Limestone Facies since the larger pores 
would have been filled with oil, had a relatively low irreducible water saturation, and 
later diagenetic cementation would have been inhibited. In the more southerly 
portions of the carbonate build-ups, where coarser reef and reef margin grainstone 
and packstone facies are dominant but no oil has accumulated, the pores created 
during the main phase of subsurface diagenetic dissolution remained water saturated 
and were subject to later cementation, which effectively filled most pores and 
blocked the pore throats.
The m ain o il reservoirs in  the M id  M a in  Carbonate are adjacent to  m a jo r basin
fau lts ; the fa u lts  and associated fractu re systems in  the carbonate rocks p robab ly
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acted as conduits for oil migration from deeper source rocks, such as the Talang 
Akar Formation. Much of the current production in the reef structures is probably 
related to fractures since the permeabilities determined from unfractured samples in 
this study are probably too low to provide adequate production although production 
data were not made available to the author to allow this statement to be tested.
In summary, the best reservoir potential within the carbonate build-ups is 
unlikely to be in the southern reef and reef margin facies since these areas would 
have suffered extensive later diagenetic cementation. However, equivalent reef 
margin facies, which probably occur on the eastern and western flanks of the build­
ups (as indicated in Figs 3.17 and 3.19), may have retained a greater porosity and 





The sedimentary sequence in the offshore Northwest Java Basin commences 
with the mid-Eocene to Oligocene Jatibarang Formation which unconformably 
overlies the pre-Tertiary basement. Subsequently the Jatibarang Formation was 
overlain successively by the Cibulakan Group, Parigi Formation and Cisubuh 
Formation. The youngest unit consists of coarse-grained Quaternary deposits.
The Mid Main Carbonate sequence constitutes part of the Upper Cibulakan 
Group and forms the focus of this study. It is confined to the subsurface in the 
Rengasdengklok High and Seribu Shelf areas and consists of a series of reefal 
carbonate build-ups which have been intersected in oil exploration wells. From 
seismic interpretation, thinner carbonate sequences appear to connect the build-ups 
across the inter-reef areas. A wedge of' clastic strata occurs within the carbonate 
facies in the northwestern part of the study area. Based on combined planktonic and 
benthonic foraminiferal analyses, the age of the Mid Main Carbonate build-up is 
Middle Miocene, probably late Middle Miocene.
Five limestone facies are present in the Mid Main Carbonate sequence: the 
Coral Limestone Facies, Coral Foraminiferal Limestone Facies, Algal Coral 
Foraminiferal Limestone Facies, Algal Foraminiferal Limestone Facies and 
Foraminiferal Limestone Facies. The lithological and palaeontological constituents of 
all facies are similar. Differences are based largely on the relative abundance of 
distinctive biological skeletal constituents and the quantity of carbonate mud matrix. 
The Coral Limestone Facies is dominated by coarse-grained coral packstone and
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represents a back-reef accumulation on a reef flat or adjacent to a patch reef. The 
Coral Foraminiferal Limestone Facies is dominated by coarse-grained coral and 
foraminiferal skeletal packstone whereas the Algal Coral Limestone Facies is 
dominated by medium- to coarse-grained coral and red algal skeletal packstone. 
These two facies represent moderate energy back-reef sandy environments. The 
Algal Foraminiferal Limestone Facies and Foraminiferal Limestone were deposited in 
quiet water lagoons behind, and to the north of, the exposed reef margins. Both 
facies are dominated by medium- to coarse-grained foraminiferal wackestone to 
packstone.
The Mid Main Carbonate sequence was deposited on a shallow shelf (probably 
<30 m water depth) as a group of reefs which, in general, show a north-south 
elongation. The elongation is probably related to a prevailing northward movement 
of waves and currents since the southern margins of the reefs show a dominance of 
higher energy coral-dominated reef margin facies. The cleanest reef zone (reef crest 
zone), which may be very favourable for petroleum reservoirs, would be situated 
along the outer part of the reef, probably'at least along the southern margins of the 
defined reefs. This reef crest zone has not been intersected by the exploration wells. 
Some of the reefs, at least in the northwestern part of the Seribu Shelf, may have 
been fringing reefs adjacent to a northern land mass, since the carbonate facies 
contain a minor admixture of detrital quartz and the successive carbonate facies in
the P Field are separated by a southward thinning clastic wedge. Such clastic
detritus would not be expected in an up-standing isolated reef. Good modem 
analogues for the Mid Main Carbonate reefs, and their association with clastic 
detritus, can be found in the northern Great Barrier Reef in Australia.
Deposition of the Mid Main Carbonate took place during two high stands of
sea level and was interrupted, especially in the northwest, by a low stand which
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resulted in the southward progradation of a marginal marine clastic wedge. A major 
drop in sea level (estimated to be approximately 1 0 0  m) followed the deposition of 
the Mid Main Carbonate. When considering the magnitude of the sea level 
fluctuations, the known age of the sequence and the global sea level curves of Haq 
et al. (1988), the periods of carbonate deposition may be equated with high stands at
13.4 Ma and 11.6 Ma and the regressive phases may represent the sea level falls at
12.5 Ma and 10.5 Ma, respectively.
The changing sea level is also reflected in the diagenetic history of the 
carbonate sequence which records early diagenetic submarine and subaerial processes 
followed by later subsurface burial diagenesis, especially dissolution, cementation and 
fracturing. The most common pores are vugular and intraparticle pores with less 
common mouldic and channel pores. The data may be slightly biased, with the 
interpretation partly a function of the available samples, since fractures zones are not 
generally plugged and analysed for porosity and permeability. The presence of
significant porosity values in the wackestone and packstone is due to dissolution 
processes acting upon the carbonate grains during diagenesis. Such dissolution
processes have enhanced the primary intrabiotic porosity and provided a significant 
volume of secondary porosity (average porosity ranges from 13-28%). However, 
some of the open pores were subsequently obliterated by the formation of calcite 
cement following the dissolution process, thus reducing the porosity again and 
blocking pore throats. In some limestone facies, especially the Coral Limestone 
Facies, the cementation processes were extensive, giving rise to a tight carbonate 
facies. Porosity and permeability within the limestone succession were determined 
both by direct measurement and by wireline log analysis. The reservoir potential of 
the various lithofacies, following diagenesis, is a function of both porosity and 
permeability. It decreases from the Foraminiferal Limestone Facies (23% porosity,
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moderate permeability) to the Algal Coral Foraminiferal Limestone Facies (19% 
porosity, moderate permeability), Algal Foraminiferal Limestone Facies (28% 
porosity, low permeability), Coral Foraminiferal Limestone Facies (15% porosity, 
very low permeability), and the Coral Limestone Facies (14% porosity, very low 
permeability).
The quality of a reservoir for entrapping and releasing hydrocarbons is 
dependant not only on the effective porosity and permeability, but also on the 
geometry and arrangement of the pores within the reservoir rocks. In the Mid Main 
Carbonate there is a low positive linear relationship between porosity and 
permeability but the high values of porosity do not always correspond to a high 
permeability. The presence and abundance of interconnected pores determines the 
permeability and thus play an important role in fluid movement - the wider the 
diameter of the throats between pores, the higher the permeability value. Sorting of 
the pores also influences the quality of the reservoir. Where the pores are poorly 
sorted and where smaller pores are situated in front of wider pore openings, the 
former pores will act as a barrier to the Wider ones and thus reduce fluid flow.
The mercury injection capillary pressure method was used primarily to delineate 
the pore arrangement and the characteristics of the pore system within the reservoir 
rocks, and to aid in the assessment of the reservoir quality. Pores in the Mid Main 
Carbonate fall into two basic groups. Pores less than 1 p,m in size are present in all 
samples and can be equated with intercrystalline pores in the matrix. The second 
group of pores are those wider than 1 0  |im and consist of vugular, large 
intergranular and fracture pores. Very few samples have a significant number of 
pores in the size range 1-10 |im. Reservoir quality in the Mid Main Carbonate 
depends on the abundance and interconnectedness of these larger pores.
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The hydrocarbon recovery efficiency is the basic parameter for reservoir quality 
assessment In the Mid Main Carbonate the quantity, type and distribution of the 
larger pores is positively related to the hydrocarbon recovery efficiency but exerts a 
negative control on the threshold pressure and irreducible water saturation. In 
addition, the permeability of the sequence is strongly related to the size of the 
interconnected pores and the degree of pore throat sorting. Based on recovery 
efficiency (RE), the reservoir rocks can be classified, in general, into three groups: 
non-commercial reservoir rocks (reservoirs with RE < 3%), moderately good reservoir 
rocks (reservoirs with RE between 3% and 10%) and good reservoir rocks (reservoirs 
with RE > 10%).
The Talang Akar shale in the study area is considered to have a low potential 
as a source rock for the oil and gas in the overlying reservoir rocks, including the 
Mid Main Carbonate reservoir rocks. Dispersed organic matter content (<1-10%) in 
the samples studied from Talang Akar shale is characterized by more abundant 
vitrinite macerals (>90%) compared to inertinite (<1%) and liptinite (<5%) macerals. 
Vitrinite macerals are dominated mostly by detrovitrinite and telovitrinite whereas the 
liptinite macerals mainly consist of resinite and sporinite with lesser cutinite and 
suberinite. All macerals observed were derived from plants of terrestrial origin.
The mean maximum vitrinite reflectance between 0.28% and 0.48% in the 
Talang Akar shale, indicates a level of organic maturation just at the end of the 
immature stage. Palaeothermal modelling indicates an early phase of coalification 
with palaeotemperatures in the basin being higher than present temperatures. 
Initiation of oil generation may have started at about 0.4% Rvmax since some 
bitumen and oil drops are associated with the organic macerals in the Talang Akar
shale.
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Talang Akar shale samples were pyrolysed from the MB-4 well in the study 
area. Based on the Rock-Eval pyrolysis and gas chromatography analyses of organic 
matter from the shale samples, on average they produce 2.37 kg of hydrocarbons per 
tonne of rock, they are only marginally mature (low Production Index and Tmax 
values), but have a fair to good source potential (based on TOC and HI data). 
Pyrolysis-gas chromatography shows that the oil produced from the shale samples is 
waxy and paraffinic with high pristane to phytane ratios, suggesting derivation from 
land plant detritus. On the basis of both volumetric abundance and organic
petrography, the vitrinite macerals are probably the source of a high proportion of 
the paraffinic oil.
The three oils analysed from the Mid Main Carbonate area have similar 
biomarker characteristics. They show an abundance of bicadinane resins and 
oleanane, as well as a high pristane/phytane ratio, indicating a dominance of land- 
derived precursors. The dominance of bicadinanes in oils indicates that they not 
only have a strongly affinity with terrestrial source materials but also indicate that 
the source materials originated in a tropical climate. Bicadinanes come from a 
dammar resin from a very specific family of hardwood trees, Dipterocarpaceae, 
which were abundant in tropical regions, especially in Southeast Asia, during the 
Tertiary. Organic geochemical indicators (aa-sterane, bishomohopane and moretane 
isomeric compositions and the methylphenanthrene index) show that the Mid Main 
Carbonate oils are mature and appear to have formed within the main phase of oil 
generation (equivalent vitrinite reflectance of 0.74-0.78%). They do not appear to 
have suffered biodegradation.
The Mid Main Carbonate oils and the extracts from the Talang Akar shale are 
very similar in chemical composition. They are paraffinic and waxy; have similar 
high Pr/Ph ratios, high Pr/n-C17 ratios and low Ph/n-C18 ratios; and the CPI is greater
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than 1. Thus the three Mid Main Carbonate oils were probably derived from organic 
matter dominated by land-plant components.
Although the local Talang Akar Formation is a potential source rock, and some 
oil has been generated, the thickness and maturity of the local Talang Akar 
Formation are not sufficient to generate the economic quantities of hydrocarbons now 
found in the Mid Main Carbonate reservoirs. Thus, the considerable amounts of oil 
trapped in the Mid Main Carbonate reservoirs must have migrated into the area from 
the more mature Talang Akar Formation (or other similar units) in adjacent deeper 
sub-basins. The most probable depocentres which sourced the oil are the nearby 
Arjuna Sub-basin in the east and Ciputat Sub-basin in the south.
The production of oil in the Mid Main Carbonate is mainly from limestone 
having wackestone and packstone textures. The main oil reservoirs are associated 
with facies intersected by fracture systems adjacent to major basin faults since the 
permeabilities in unfractured samples are too low to provide adequate production. 
The best reservoir potential within the carbonate build-ups for future production is 
unlikely to be in the southern reef and reef margin facies since these areas have 
been extensively cemented during later diagenesis. Equivalent reef margin facies on 
the eastern and western flanks of the carbonate build-ups may have retained a greater 
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Figure LI Location map of the study area.
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Mid Main Carbonate build-up
Fig. 1.2 The location and areal extent of petroleum fields in the Mid Main Carbonate area.
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Figures 2.1 - 2.6
FIG. 2.1 TECTONIC FRAMEWORK OF THE INDONESIAN ARCHIPELAGO (a fte r KATILI, I980).
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Fig. 2.4 East-west cross-section of the onshore Northwest Java Basin (after Patmosukismo and Yahya, 1974).
STRATIGRAPHY N.W. JAVA BASIN
Fig. 2.5 General stratigraphy of the Northwest Java Basin. Symbols 
as in Fig. 2.4. Modified from Arpandi & Suyitno (1975), 
Colman (1983), Pertamina (1985) and Gordon (1985).
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POST MAIN  
UNIT
Claystone with interbedded 
thin tight limestone and 
Parigi-like carbonate bank.
. rn^Mid main*
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M AIN UNIT
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u
Claystone with interbeded 
fine - medium-grained glau­
conitic sands, also includes 
carbonate build-ups with 
good porosity and permeabi­
lity .
The uppermost sands com­




Claystone with interbedded 
very fine - medium-grained 







Limestone, chalky and porous 
in upper part, but generally 
low permeability, becoming 
denser in lower part.
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Figures 3.1 - 3.29
2,5 % 5 %
7,5 % 1 0 % 12,5 %
15  % 20 % 25 %
30 % 4 0 % 5 0 %
Figure 3.1a
Figure 3.1a -c
Comparative charts for frequency estimations of bioclastic carbonate rocks 
(After Baccelle and Bosellini, 1965).
Figure 3.1b
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C A R B O N A T E  GRAIN 
MICRITE
S P A R R Y  CALCITE
Fig. 3.2
Classification o f carbonate rocks according 
to depositional texture proposed by Embry 
and Klovan (1971) and interpretative sketches 
of reef limestone (from James, 1979).
Fig. 3.3
Photomicrographs showing characteristic features 
of the Foraminiferal Limestone Facies.
(A) A sample from MQ-3 well at a depth of 920.1 m 
(3021 ft) showing grainstone texture composed 
dominantly of larger foraminifers. The photo shows 
the presence of rotaliid foraminifers (upper and right 
fossils) and an orbitoid foraminifera, probably a 
lepidocyclinid (lower left comer).
Plane light. Scale bar =150 pm.
(B) Packstone texture where the larger foraminifers 
are the major components of the rock. Note the 
presence of intraparticle porosities within the rotalid 
foraminifera chambers (left, black and green-coloured) 
and orbitoid foraminifera (right, black-coloured). 
Subangular, bright- coloured grains of quartz are 
present as very fine transported particles. Sample 
from MQ-2 well. Depth 942 m (3093 ft).
C rossed n ico ls . Scale ba r =  250 pm .
Fig. 3.4
SEM picture showing interconnected dissolution 
pores which are responsible for the creation of 
channel pore arrangements. Sample from 
MQ-2well. Depth 942.7 m (3093 ft).
Scale bar =10 pm.
Fig. 3.5
Photomicrograph of the Coral Limestone Facies 
showing a typical coral fragment. The original 
aragonite material of the coral has been dissolved 
and replaced by subsequent sparry calcite 
(bright-coloured). The presence of dark-coloured 
mud in the middle of the photo is possibly from 
breakdown of the coral skeletons by bivalve activity 
(left). Sample from MQ-2 well. Depth 945.2 m 
(3101 ft).





Photomicrograph view of dolomite rhombs 
precipitated in the pore system of a coral chamber. 
The crystal size of dolomite varies from 30 to 150 
microns. The blue-coloured crystals are ferroan 
calcite cement. Sample from MQ-2 well. Depth 946 
m (3104 ft). Porosity = 12.8%, permeability = 86 md.
Plane light. Scale bar =100 pm.
Fig. 3.7
SEM picture showing the intercrystalline porosity in a 
coral fragment. Note the presence of idiotopic 
rhombohedral dolomite precipitated around the voids 
(coral chambers). Sample from MQ-8 well. Depth 
936 m (3071 ft).
Porosity = 16.9%, permeability = 5 md.
Scale bar =100 pm.
Fig. 3.8
Photomicrograph shows characteristic features of 
the Coral Foraminiferal Limestone Facies. The 
limestone has a floatstone texture with large 
probably lepidocyclinid foraminifers (left), coral 
debris (right), sparry calcite cement (bright- 
coloured) and a dark micritic matrix. Sample 
from MQ-8 well. Depth 929.6 m (3050 ft).
Crossed nicols. Scale bar = 250 |nm.
Fig. 3.9
Photomicrograph shows a scleractinian coral head 
in the Coral Foraminiferal Limestone Facies from 
MQ-8 well, at 935 m (3068 ft). The original 
skeleton and septae of the coral have been 
obliterated during diagenetic processes and are 
now filled with internal sediment (dark coloured). 
Part of the internal sediment (mud) has 
recrystallized into calcite spar (bright coloured). 
Note that the relict coral can still be observed by 
the radial arrangement of septae.






(A) Photomicrograph showing dissolution vugular 
pores (black) in the Coral Foraminiferal Limestone 
Facies. Sample from MQ-8 well. Depth 929.6 m 
(3050 ft).
Crossed nicols. Scale bar = 250 pm.
Fig. 3.10
(B) SEM picture from the same sample as in 
photo A showing vuggy pores. Note the dissolution 
impression on calcite cements providing an 
irregular pore arrangement.
Scale bar =  10 pm .
Fig. 3.11
Mouldic Porosity
Photomicrograph of mouldic porosity in a sample 
coming from MQ-8 well at a depth of 929.3 m 
(3049 ft).
The picture shows a bivalve shell (B) originally 
made of aragonite but now present as a void due to 
dissolution processes under a meteoric water 
environment. Pores in black.
Crossed nicols. Scale bar = 200 Jim
Fig. 3.12
Photomicrograph view of the Algal Coral 
Foraminiferal Limestone Facies. The limestone 
facies shows the skeletal constituents of red algae 
(right) and orbitoid foraminfera (left). Sample 
from MQ-2 well. Depth 950.4 m (3118 ft).
Crossed nicols. Scale bar = 200 urn.
Fig.3 .10b
F ig .3 .11
F ig .3.1 2
Intraparticle Porosity
(A) SEM picture showing primary pores in the form  
o f open foraminiferal chambers. Sample from M Q-2 
well. Depth 950.4  m (3118 ft). Porosity = 22%, 
permeability = 22 md.
Scale bar = 20 pm.
Fig. 3.13
(B) A close up o f  the same view  (upper left). Note that 
the foraminiferal chambers and their small inter- wall 
pores are still w ell preserved as primary porosity.
Scale bar = 1 0  pm .
Fig. 3.14
Photograph o f a polished core slab representing 
Algal Coral Foraminiferal Limestone Facies from  
MH-1 w ell. Encrusting algae (bright coloured, 
upper right corner), coral fragments (lower left 
corner) and orbitoid foraminifers (m ost o f  black 
coloured skeletal grains) are typical constituents in 
this facies. The pore voids in the left o f the photo 
were created by dissolution processes enhancing 
the original inter-particle and intraparticle porosities. 
Porosity = 7%, permeability = 0.2 md.
Sample was taken from depth 680 m (2231 ft).
Scale = 1 cm.
Fig. 3.15
Photograph o f a polished core slab showing the 
Foraminiferal Lim estone Facies from MH-1 w ell, 
depth 648.4 m (2239 ft). The skeletal fragments 
consist m ostly o f  orbitoid foraminifers (bright, 
lensoid shape) greater than 2 mm in size making 
up a rudstone texture. Note the presence o f  solution 
vugs and pinpoint porosity.
Porosity = 7.4% , permeability = 1.8 md.
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Fig. 3.16 Limestone facies distribution of the Mid Main Carbonate In MQ Field.
F ig . 3 .17 In te rp re ted  fac ies d is trib u tio n  in  the M Q  F ie ld  show ing  p o s ib le
o rie n ta tio n  o f p re va ilin g  waves and curren ts .

F ig . 3 .19 In trep re ted  facies d is trib u tio n  in  the P F ie ld  show ing posib le
o rie n ta tio n  o f p re va ilin g  waves and currents.
F ig . 3 .20 L ith o fa c ie s  on the G reat Baham a B ank (fro m  B a thu rs t, 1975, a fte r
P u rd y , 1963 and N e w e ll et a l y 1959).
F ig . 3.21 Lithofacies on Carter R eef in the Northern Great Barrier R eef 
(after R ood, 1984).
CARTER REEF
3.22 Eustatic sea level curves for the M iocene to Recent period,
including the time o f deposition o f the Mid Main Carbonate (after 







F ig . 3.23 P o ros ity  versus pe rm eab ility  values fo r the F o ram in ife ra l
, L im estone Facies.
Permeability, md
F ig . 3 .24 P o ro s ity  versus p e rm ea b ility  va lues fo r  the A lg a l C o ra l



















F ig . 3.25 P o ro s ity  versus pe rm eab ility  values fo r  the A lg a l F o ram in ife ra l








F ig . 3 .26  P o ro s ity  versus p e rm eab ility  va lues fo r  the C o ra l F o ra m in ife ra l










versus permeability values for the Coral Limestone
Fig. 3.28 The location of available seismic lines in the Mid Main Carbonate area.

LINE 2 I0 9 -S D -8 0  
SP 137 5 LINE 2 I I I - S D -8 0SP 122
Fig. 3.29 Seismic section and interpretation of line 2280 showing Mid Main Carbonate build-ups and onlap sequences.
FIGURES TO 
CHAPTER FOUR
Figures 4.1 - 4.24
Fig. 4.1 
Neomorphism
(A) Photomicrograph showing recrystallization o f  
carbonate mud (less than 4 microns) to finely sparry 
calcite. Note the size o f individual calcite crystals is 
between 1 0 - 5 0  microns. Sample from MQ-8 well. 
Depth 934.8 m (3067 ft).
Crossed nicols. Scale bar = 250 pm.
(B) Recrystallization o f carbonate mud to large 
sparry calcite. The size o f the calcite crystals reaches 
more than 500 microns. This is termed 
pseudomorphic calcite. Sample from MH-1 well. 
Depth 679.4 m (2229 ft).
Crossed nicols. Scale bar = 250 pm.
Fig. 4.2
Photomicrographs showing neomorphic changes 
from aragonite to sparry calcite.
(A) Coral fragments (right side o f the photo), 
where original structure is still recoqnisable in plane 
light mode, have been inverted to large equant 
calcite. The inversion is clearly seen when photo A 
is compared to B.
(B) The same as photo A. When the stage is 
rotated the coral fabric turns to a large single calcite 
crystal and the original structure dissappeares.
This process o f inversion to produce a single large 
crystal is termed polymorphic transformation (Folk, 
1965).
Sample from MQ-8 well. Depth 940.3 m (3085 ft). 





This photomicrograph shows microboring in coralline 
algae. Note the area within the borings has been 
infilled with detrital micritic sediment. Part o f the 
micrite has recrystallized into microspar and sparry 
calcite (bright coloured) by neomorphic processes. 
Sample from MY-1 well. Depth 847 m (2779 ft).





Photomicrograph shows a molluscan shell preserved as 
a sparry calcite mould. The outlines o f the valves are 
defined by micrite envelopes. The cements (blue- 
stained ferroan calcite, and some o f pink-stained non- 
ferroan calcite) show a drusy calcite arrangement, i.e. 
crystal size increases towards the centre o f the pore. 
Note that isopacheous cement fringes the inner 
margins o f the shells. The presence o f isopacheous 
cement and micrite envelopes suggest an early phase o f  
marine phreatic diagenesis. This phase was followed  
by the drusy calcite cementation produced in a fresh 
water phreatic environment.
Sample from M Q -8 w ell. Depth 936 m (3071 ft). 
Porosity = 21%, permeability = 13 m.
Plane light. Scale bar = 250 pm.
Fig. 4.5
Micritization
The photomicrograph shows micritization o f  
encrusting red algae. It can be seen in the photo 
that much o f the algal cellular struture has been 
micritized.
Sample from MY-1 well. Depth 843.4 m (2767 ft). 
Plane light. Scale bar = 250 |im.
Fig. 4.6
Bladed Isopacheous Calcite
Photomicrograph shows bladed isopacheous calcite 
cement precipitated perpendicular to the 
foraminiferal test. In the photo bladed calcite 
cement can be seen around the outer margin of the 
test and in the internal structure along the test wall 
as very thin isopacheous calcite cement. Note that 
there are two cement generations: isopacheous 
bladed calcite fringing the foram wall (produced in 
a marine environment) followed by coarse calcite 
spar as a drusy calcite mozaic (produced under fresh 
phreatic water conditions).
Sample from MQ-2 well. Depth 942 m (3091 ft).












Fig. 4.7 Calcite crysta l growth habit as a function of Mg/Ca ratio (from  Folk, 1974).
Photomicrographs (A and B) showing the 
characteristics o f radiaxial fibrous calcite. This 
calcite is characterized by the radiating acicular, 
nearly parallel-arranged crystals (palisade fabric). 
When the stage is rotated it shows undulose 
extinction. Radiaxial calcite may be deposited as a 
high-magnesium calcite cement.
(A) Sample from MH-1 well at a depth o f 680.3 m 
(2232 ft).
Crossed nicols. Scale bar = 250 Jim.
Fig. 4.8
Radiaxial Fibrous Calcite
(B) Sample from MY-1 well at a depth o f 849.5 m 
(2787 ft).
Crossed nicols. Scale bar = 250 |um.
Fig. 4.9
Geopetal Sediment
Photomicrograph shows geopetal sediment infilling an 
molluscan shell. The fine sediment initially filled the lower 
part o f the primary pore (left side o f the photo) between the 
two valves o f the mollusc, and the rest o f the void finally was 
filled by blue-stained ferroan calcite cement. Note the original 
aragonite molluscan shell has been compeletely dissolved and 
only outlined by a thin micrite envelope. The internal fine 
sediment has been partly neomorphosed to microspar and 
sparry calcite (bright coloured). Note top is on right hand side 
of photo.
Sample from MQ-8. Depth 1018 m (3340 ft).
Crossed nicols. Scale bar = 250 pm.
Fig. 4.10
The photomicrograph shows characteristic features o f the 
Algal Coral Foraminiferal Limestone Facies in the MY-1 well 
at 846.4 m (2777 ft).
Under meteoric water, dissolution is mineralogically selective. 
Corals originally made o f aragonite (left) have leached out 
while red algae (of high-Mg calcite) are still well preserved 
(right). The voids were subsequently occluded with 
precipitation o f spar calcite cements (bright coloured) by 
dissolution-precipitation processes.
Porosity = 13.9% and permeability = 10 md.
Plane light. Scale bar = 250 pm.
Fig.4 .8b
Fig.4.1 O
Photomicrograph view  showing a large molluscan 
shell fragment preserved as a cast. The original 
aragonitic material has been dissolved leaving a 
mould. The mould was then filled with large equant 
calcite mozaic by the dissolution-precipitation 
process in a meteoric water environment. Note the 
molluscan shell is surrounded by various skeletal 
debris o f  m ostly foraminifers and coral fragments. 
Porosity = 19.7%, permeability = 41 md.
Sample from M Q-2 well. Depth 942.7 m (3093 ft).




SEM picture showing w ell developed equant 
rhombohedral low-m agnesium  calcite crystals which 
have grown around the mouldic pore. Note the range 
o f  crystal size is between 75 - 250 microns.
Sample from MQ-8 w ell. Depth 937 m (3074 ft). 
Porosity = 4.2%, permeability = 0.10 md.
Scale bar = 1 0 0  Jim.
Fig. 4.13
Drusy Calcite Mozaic
Photomicrograph shows the development o f  
pink-stained non-ferroan calcite inside the 
foraminferal chambers. Note the crystal size 
increases towards the centre o f the pores. In all the 
individual foram chambers this drusy mozaic 
feature is clearly s e e n ..
Porosity = 15.6%. Sample from MY-1 well.
Depth 843.4 m (2767 ft).
Plane light. Scale bar = 50 pm.
Fig. 4.14
SEM picture showing the characteristic features o f  
drusy calcite mozaic where the crystal size 
becomes bigger towards the centre o f  the original 
void (to the right).
Sample from MH-1 well. Depth 755 m (2477 ft). 
Scale bar = 10 pm.
F ig .4.1 2
Fig.4.13
F ig .4.1 4
Photomicrograph shows a section o f a colonial 
scleractinian coral originally composed o f aragonite 
and now calcite. Note that some crystal boundaries 
cut across from pore-filling calcite spar to coral septa 
and skeleton (upper part o f  the photo). This is termed 
cross-cutting cement and is indicative o f diagenesis 
under fresh water phreatic conditions (Pingitore, 
1976). Sample from MY-1 well at a depth o f 843 m 
(2766 ft).





SEM view  o f vugular porosity caused by dissolution 
process. Note the absence o f cement precipitation 
and/or infilling sediment around the pores indicating 
that the dissolution process post-dated cementation 
and other diagenetic events. This late stage 
dissolution process might enhance the present 
porosity and permeability.
Sample from M XC-3 well. Depth 1080.8 m (3546 ft). 
Scale bar = 50 Jim.
Fig. 4.17
Fracture Porosity
(A) The photomicrograph shows fracture porosity 
filled with sparry calcite (upper part) and partly 
remaining open (lower part). Pores in black. These 
fractures in the Algal Coral Foraminiferal 
Limestone Facies from 842.8 m (2765 ft) in the 
MY-1 well indicate diagenesis in a subsurface 
environment.
Porosity = 0.68%, permeability = 7.4 md.
Crossed nicols. Scale bar = 250 jam.
(B) Photomicrograph showing filled fracture 
porosity. The fractured might be due to the 
compaction process under subsurface diagenesis. 
Note the coral fragment casts were cut by the 
fracture (right side of the photo). Ferroan calcite 
cement has completely filled the fracture.
Sample from MY-1. Depth 848.5 m (2784 ft).
Crossed nicols. Scale bar = 250 p.m.




(A) Photomicrograph showing void-filling ferroan 
calcite cement (blue-stained crystals) with a drusy 
mozaic fabric. This cement has grown following 
deposition of a previous small-sized non-ferroan equant 
calcite cement (bright coloured) fringing the pore 
margin.
Plane light. Scale bar =100 Jim.
(B) SEM picture of well developed rhombic ferroan 
calcite cement precipitated in a pore of probably 
intergranular type.
Sample from MO-1 well. Depth 832.4 m (2731 ft). 
Scale bar =10 Jim.
Fig. 4.18
(C) SEM view of ferroan calcite in the MW-1 well 
at a depth of 839.4 m (2754 ft) showing some 
crystal twinning.
Scale bar = 10 |im.
Fig.4.19
SEM picture showing a subhedral of dolomite 
rhomb (D) and ferroan calcite (C) from MO-1 well 
at a depth of 832.4 m (2731 ft).
Scale bar = 10 p.m.

Fig .4 .1 9
Fig. 4.20 
Kaolinite
(A) SEM picture showing very tiny well-crystallized, 
authigenic kaolinite infilling pores. Note the 
appearance of a face-to-face stack of book-like crystals 
which is a characteristic feature of kaolinite.
Sample from MQ-5 well. Depth 922.6 m (3027 ft).
Scale bar = 1 jam.
(B) SEM view of kaolinite from the MQ-8 well at
929.6 m (3050 ft) showing the characteristic face to 
face stacks of pseudohexagonal books growing in the 
interskeletal pore of a coral fragment. Note that 
kaolinite sporadically occurs in the limestone as tiny 
crystals. The crystal size ranges between 5-10 
microns. Porosity = 13.4%, permeability = 28 md.
Scale bar =10 Jim.
Fig. 4.21
Photomicrographs showing pores filled with oil 
(black coloured). This emplacement of oil in the 
limestones may terminate the diagenetic processes.
(A) Sample from MQ-5 at a depth of 921 m 
(3022 ft) shows the oil infilling pores.
Plane light. Scale bar = 250 Jim.
(B) Photomicrograph showing a large foraminifera, 
probably a lepidocyclinid, that has been soaked by 
the oil and only a trace of its internal structure can 
be seen.
Sample from MQ-5. Depth 919.5 m (3017 ft).
Plane light. Scale bar = 250 }im.
F ig .4 .20a
Fig .4 . 20b
J r «
F ig .4 .21a
Fig .4 . 21b
O Relative Intensity 100
Fig. 4 .22 XRD trace o f the sample from the MQ-2 well at 1019 m depth 
(sample no. TX-14) showing the presence o f  abundant calcite 
and fair dolomite.
Fig. 4.23 XRD trace o f the sample from the MQ-2 well at 920.5 m depth 
(sample no. TX-19) showing the presence of abundant quartz 
and fair calcite and kaolinite.
Figure 4.24 Cenozoic chronostratigraphic- 












F ig u re s  5.1 - 5.59
F igu re  5.1
W e ll log  characteristics o f  M id  M a in  Carbonate in  M B -2  we ll.
Figure 5.2
W ell log characteristics o f Mid Main Carbonate in MH-1 well.
F igu re  5.3
W e ll lo g  characte ris tics o f  M id  M a in  Carbonate in  M O -1  w e ll.
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Algal Coral Foraminiferal Limestone Facies
F igure 5.4
W e ll log characteristics o f  M id  M a in  Carbonate in  M Q -2  w e ll.
F igure 5.5
W e ll log  characteristics o f  M id  M a in  Carbonate in  M Q -3  w e ll.
F igure 5.6
W e ll log  characteristics o f  M id  M a in  Carbonate in  M Q -5  w e ll.
F igu re  5.7
W e ll lo g  characteristics o f  M id  M a in  Carbonate in  M Q -8  w e ll.
Figure 5.8
Well log characteristics o f Mid Main Carbonate in MW-1 well.
Figure 5.9
W ell log characteristics o f Mid Main Carbonate in MXC-3 well.
F igure 5.10
W e ll log  characteristics o f  M id  M a in  Carbonate in  M Y -1  w e ll.
Fig. 5.11 Caliper log showing the mud cake formation and hence permeable zones, 
indicated by its kick to the left of the bit size. Well: MW-1.
Fig. 5.12 Permeable zone indicated by SP log. Note that SP deflects away to the 
left from the shale base line. Well: MQ-2.
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Fig. 5.14 Oil bearing zone indicated by the characteristic separation of MSFL and 
ELD combination logs. Well: MB-2.
Fig. 5.15 FDC and CNL logs showing oil bearing zones by separation o f their 
log responses. Well: MB-2.
HELIUM CYLINDER MATRIX CUP
Figure 5.16 schematic diagram  of helium  porosimeter
Figure 5.17 schemati c  diagram of  Pe r me a me t e r
Figures 5.18 - 5.23
Relationship between measured (lab.) porosity 














Fig 5.18 a Relationship between measured porosity and 
well log porosity for MQ-Field.
Core type: Sidewall.
Fig 5.18 b Relationship between measured porosity and 








































































































































% 30 Well : MQ-8
- Core type: Conventional





























































































Fig. 5.24 Relationship between porosity and permeability for samples 
from the Mid Main Carbonate reservoir in MQ-Field.
Conventional core samples.
MERCURY
VACUUM GAUGE PRESSURE GAUGES
FIG. 5.25 SCHEMATIC DIAGRAM OF MERCURY INJECTION CAPILLARY PRESSURE CELL
Figures 5.26 - 5.32
Injection mercury saturation curves 
(Pressure versus mercury saturation)
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r Well: MY-1 
: Depth: 847 m 
(2779 ft) 
■ 0 = 27.7%
‘ k = 8.81 md
50j.
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Fig. 5.33 Effective porosity indicated by mercury injection curve.
The area above the curve indicates the effectiveness of the interconnected pores within the rock sample.












Figures 5.34 - 5.40
Incremental mercury saturation curves 






















































Well : MH-1 
Depth : 684.9 m 
(2247 ft)
Porosity : 17.9%
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. Well : MQ-5 
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SEM micrograph (A) of micrite matrix composed of calcite crystals (less than 
5 micron long) showing a pore arrangement within the rock sample from MY-1 well 
at 836.7 m (2745 ft) depth. The bulk of the porosity is created by pores about 1-5 
micron wide between crystals and minor wider pores of intergranular type (upper left 
photo). Scale bar = 1 micron.
Curve (B) suggest that representative porosity is moderately sorted and well 
connected in pore sizes between 0 . 1 - 1  micron (intermatrix pores) which are 
apparent in the SEM photo.
Curve in (C) shows that more than half of the porosity in the sample is 
accessed by pores less than 1 micron wide. Effective porosity, represented by a 
large area above the curve, is indicative of a good permeability value.


















M ercury Saturation, %PV
Figure 5. 42
(A) Open intragranular pores (SEM photo) in a foraminiferal test are 
repressentative of samples dominated by intragranular pores. Scale bar = 10 
microns.
(B) The curve shows that the bulk of the porosity is built up by poorly sorted 
pores between 0 . 1  - 1 0  pm wide, but pores between 1 - 1 0  pm are the major pore 
contributor.
(C) The large area above the curve suggests that the reservoir has a good 
effective porosity, and thus permeability. The non-wetting fluid dominantly flows 
through the 1 - 10 pm wide pores as indicated by the plateau of the curve. Pores 
with a size between 1 - 1 0  pm occupy about two third of the porosity.
This type of pore is only minor and is less meaningful as a reservoir rock 
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(A) SEM view of vugular pores created by dissolution processes. This type 
of pore is very common in the Mid Main Carbonate reservoir. Scale bar = 10 
microns.
Vugular pores are commonly larger than 10 Jim (B). The curve also suggests 
that the reservoir behaves as a unit with well sorted pores in the size range between 
10 - 30 |im.
Curve in (C) shows that the reservoir has a very good effective porosity 
reflecting excellent permeability.
Note that the good sorting of pores (distributed between 10-30 Jim) as seen 
in figure (B) is not identified by the curve in (C). This sample is from MXC-3 well 






























Figures 5.44 - 5.50
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RE = (SHg1 - SHg2)/SHg1 x 100%
where: RE = recovery efficiency
SHg1 = maximum volume of mercury injected into 
the pore volume of the sample at maximum 
pressure  (1500 psi)
SHg2 = volume of mercury remaining in the pore 
volume of sample when pressure is reduced 
from 1500 psi to zero pressure
Swi = irreducible water saturation, is the 
percentage of pore volume not entered by 
mercury at 1500 psi
Pe = entry pressure,  is the minimum pressure  at 
which mercury first enters the pore system 
of the sample
Pt = threshold pressure,  is extended from the 
plateau to the pressure scale and is defined 
as  the pressure at which first mercury 
imbibes into the rock at reservoir conditions
Hysteresis reflects the residual non-wetting fluid saturation
Figure 5.51 Injection-withdrawal mercury saturation curves 
versus capillary pressure showing the terminology and 










Mercury saturation = 9 2%
Q, = 0 .25 x 92% = 23% P( = 22 psi
Q3 = 0 .75 x 92% = 69% P3= 40 psi
PTS = (40psi/22 psi )1/2 = 1.35
Fig. 5.52 Calculating Pore Throat Sorting using Mercury
injection capillary pressure curve (From Jennings
1987).
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VALUES ALONG X-AXIS ARE SIMILARITIES
Remarks:
Por = porosity PTS = pore throat sorting
RE = recovery efficiency Pt = threshold pressure
Perm = permeability Swi = irreducible water saturation







Fig. 5.53 R-mode cluster dendrogram for the Mid Main Carbonate reservoir rocks.
Porosity, %
Fig. 5.54a Porosity (0) versus permeability (k).
Permeability, md
Fig. 5.55a Relationship between permeability 
and recovery efficiency (RE).
Porosity, %
Fig. 5.54b Porosity (0) versus permeability (k)
in logarithmic scale.
Permeability, md
Fig. 5.55b Relationship between permeability
and recovery efficiency (RE) in logarithmic scale.
0 5 10 15 20 25 30 35 40
Porosity, %
Fig. 5.54a Porosity (0) versus permeability (k).
Porosity, %
Fig. 5.54b Porosity (0) versus permeability (k)
in logarithmic scale.
Fig. 5.55a Relationship between permeability 
and recovery efficiency (RE).
Permeability, md
Fig. 5.55b Relationship between permeability
and recovery efficiency (RE) in logarithmic scale.
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Fig. 5.56 Q-m ode cluster dendrogram  for the M id M ain Carbonate reservoir rocks.




M ercury in jection  capillary pressure curve and corresponding  
SEM  picture o f the Foram in iferal L im estone Facies from  
M X C -3 w ell, depth 1072 m (3S17 ft).


































M e rc u ry  in je c t io n  c a p i l la r y  p re ssu re  cu rve  and  c o rre s p o n d in g
S E M  p ic tu re  o f  the  A lg a l C o ra l F o ra m in ife ra ! L im es to n e  Facies














Mercury injection capillary pressure curve and corresponding
SEM picture of the Algal Foraminiferal Limestone Facies


























M e rc u r y  in je c t io n  c a p i l la r y  p ressu re  c u rv e  and  co rre sp o n d in g
S E M  p ic tu re  o f  th e  C o ra l F o ra m in ife ra l L im e s to n e  Facies















F ig u re s  6.1 - 6.26
10% 4 0% 70%
FIG. 6 .1 VISUAL ESTIMATION COMPARATIVE CHART





Fig. 6 .6 a
Telovitrinite (Tv) associated with detrovitrinite (Dv) in sandstone.
Rvmax = 0.39%. Field width = 0.26 mm. Reflected light mode.
Sample no. 22337.
Inertodetrinite (Id) associated with vitrinite (V) in shale. Rvmax = 0.44%. 
Field width = 0.26 mm. Reflected light mode. Sample no. 22334.
Sclerotinite (Sc) associated with vitrinite (V). Rvmax = 0.39%.
Field width = 0.26 mm. Reflected light mode. Sample no. 22337.
Semifusinite (Sf) associated with detrovitrinite and sclerotinite. Rvmax = 
0.39%. Field width = 0.23 mm. Reflected light mode. Sample no. 22337.
Sporangium (Sp, bright yellow) in sandstone. Rvmax = 0.41%. 
Field width = 0.23 mm. Fluorescence mode. Sample no. 22327.




Fig. 6.6a Fig. 6.6b
Fig. 6.7b Same as Fig. 6.7a. Reflected light mode.
F ig . 6.7a C u tin ite  (b r ig h t ye llow ) in  carbonate. R vmax =  0 .40% .
F ie ld  w id th  =  0 .26 mm. F luorescence mode. Sample no. 22326.
Fig. 6 .8 a Resinite (Re, bright yellowish orange) in coal. Rvmax = 0.46%.
Field width = 0.26 mm. Fluorescence mode. Sample no. 22330.
Fig. 6 .8 b Same as Fig, 6 .8 a. Reflected light mode.
Fig. 6.9a Liptodetrinite (Ld) associated with sporinite (Sp) and bitumen (Bit). 
Rvmax = 0.47%. Field width = 0.26 mm. Sample no. 22317.
Fig. 6.9b Same as Fig. 6.9a. Reflected light mode.
Fig. 6.7a Fig. 6.7b
Fig. 6.8a Fig. 6.8b
Fig. 6.9a Fig. 6.9b
Fig. 6.10b Same as Fig. 6.10a. Reflected light mode.
F ig . 6.10a Exsuda tin ite  (E x) in f i l l in g  cracks in  v itr in ite . Rvm ax =  0.42% .
F ie ld  w id th  =  0.2 m m . Fluorescence mode. Sample no. 22333.
Fig. 6.1 la Fluorinite (FI, bright yellowish white) associated with resinite (Re) in shaly coal. 
Rvmax = 0.45%. Field width = 0.26 mm. Fluorescence mode.
Sample no. 22335.
Fig. 6 .1 lb Same as Fig. 6 .1 la. Reflected light mode.
Fig. 6.12a Suberinite (Su, greenish yellow) associated with vitrinite in shaly coal. 
Rvmax = 0.46%. Field width = 0.26 mm. Fluorescence mode. 
Sample no. 22330.
F ig . 6 .12b Same as F ig . 6.12a. Reflected lig h t mode.
Fig. 6.10a Fig. 6.10b
Fig. 6.11a Fig. 6.11b
Fig. 6.12a Fig, 6.12b
Fig. 6.13b Same as Fig. 6.13a. Reflected light mode.
Fig. 6.13a Oil drop and detrovitrinite (bright greenish yellow) in carbonate.
Field width = 0.26 mm. Fluorescence mode. Sample no. 22330.
Fig. 6.14 Bitumen (Bit, bright yellow) in sandstone. Field width = 0.26 mm. 
Fluorescence mode. Sample no. 22337.
Fig. 6.15 Same as Fig. 6.14. Reflected light mode.
Fig. 6.16 Bitumen (bright yellow) in sandstone showing a characteristic fractures 
this form of bitumen. Field width = 0.26 mm. Fluorescence mode. 
Sample no. 22337.
Fig. 6.17 Same as Fig. 6.16. Reflected light mode.




Karweil Nomogram showing relationship of 
time (Ma), temperature (°C) and rank scales (after 
Bostick, 1973).
Scale A - Karweil (1956); 
scale B - Teichmuller & Teichmuller (1968); 
scale C - Teichmuller (1971); 
scale D - Alperm & de Sousa (1970); 
scale E - estimated uncertainty in volatile 
matter - maximum reflectance conversion 
(Bostick, 1973);
scale H - qualitive best fit relation 
(Bostick, 1973).
D e p t h
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F ig . 6.19 D ep th  vs R vm a x  fo r  T a la n g  A k a r
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0.6
D e p th








“ i---------------- — i----------------------- 1--------------------- 1—  --------------- 1-------------------------
0.1 0.2 0.3 0.4 0.5 0.
Rvmax (%)
Fig. 6.21 D ep th  vs R vm ax  fo r  T a la n g  A k a r
F o rm a tio n  in  the  M O -1  w e ll.
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F ig . 6 .22 D e p th  vs R vm a x  fo r  T a la n g  A k a r
F o rm a t io n  in  the  M U -1  w e ll.
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D e p t h
( in m e t r e s )
F ig . 6.23 D ep th  vs R vm ax  fo r  T a la n g  A k a r
F o rm a tio n  in  the M Y -1  w e ll.
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F ig . 6 .24 D e p th  vs R vm a x  fo r  T a la n g  A k a r
F o rm a t io n  in  th e  M Z -1  w e ll.
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Fig. 6.25 Hydrocarbon generation model for oil and condensate from source rocks containing terrestrial organic matter.
Quantity and nature of ultimate product is function of relative quantities of resinite, liptinite, vitrinite, and 











Pig, 6.26 Tgr&d versus X pres showing relationship between present 
temperatures measured from wellbores and palaeotemperatures 
calculated from vitrinite reflectance of the Talang Akar 
Formation in the study area
FIGURES TO
CHAPTER SEVEN
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Fig. 7.1 Gas chromatograms of saturated hydrocarbons from M-MM oils. Numbered peaks are n-alkanes 
designated according to their carbon number. Pr=pristane (isoprenoid-Ci9); Ph=phytane (isoprenoid-C20)- 
1-15 and 1-16 refer to the carbon numbers of other isoprenoid alkanes. Rl = relative intensity.
5
Fig. 7.2 Metasable reaction chromatograms o f a typical M-MM oil showing the distribution 
o f trimethylnaphthalenes (m/z 170), phenanthrene (m/z 178) and methylphenanthrene (m/z 







log (1 ,2 ,5 T M N /1 ,3 ,6 T M N )
Fig. 7 .3  L o g -lo g  p lo t o f  so u rce  p a ra m eters  b a sed  on  
m e th y lp h e n a n th r e n e s  (M P ) an d  tr im e th y ln a p h th a le n e s  (T M N ).
distribution of hopanes and the presence of abundant bicadinane-iype resin compounds (W, T, 
R). Refer to Table 7.6 for peak identification. Each chromatogram is identified by the 
carbon number (e.g. C27) and specific transition measured (e.g. 370 -> 191). RI = relative 
intensity. . .
Fig. 7.5 Metastable reaction chromatograms of typical methylhopanes in M-MM oils. 
Each chromatogram is identified by the carbon number (e.g. C30) and specific transition 
measured (e.g. 412 -> 205). a = a  and b = (3. exp denotes 17a(H),21{3(H) stereochemistry. 
The traces (A), (B) and (C) show the presence of C3 0 , C31 and C32  2a-methylhopane 
respectively. RI = relative intensity.
T
N otes for the peak assignm ents for sterancs 
presen t in the ch rom atogram s.
1. 20S-5a(H), 13p(H), 17a(H)-diastcrane (C2 7 )
2 . 20R-5a(H),l 3P(H),17a(H)-diastcranc (C2 7 )
3. 20S-5a(H), 1 3p(H), 17a(H)-diamcthylstcranc (C2 8 )
4. 20R-5a(H), 1 3p(H), 17a(H)-diamclhylstcrane (C2 8 )
5. 20S-5a(H), 13j3(H), 17a(H)-diaethylstcranc (C2 9 )
6 . 20S-5a(H), 14(x(H), 17a(Ii)-sicranc (C2 7 )
7. 20R-5a(H),14p(H), 17p(H)-stcranc (C2 7 )
8 . 20S-5a(H), 14P(H),17P(H)-stcranc (C2 7 )
9. 20R-5a(H), 14a(H), 17a(H)-stcrane (C2 7 )
10. 20R-5a(H), 14p(H), 17a(H)-diacthylsterane (C2 9 )
1 1 . 20S-5a(H), 14a(H), 1 7a(H)-mcthylstcrane (C2 8 )
1 2 . 20R-5a(H), 14p(H), 1 7p(H)-mcthylsterane (C2 8 )
13. 20S-5a(H),14p(H),17P(H)-mcthylsterane (C2 8 )
14. 20R-5a(H), 14a(H), 1 7a(H)-mcthylstcranc (C2 8 )
15. 20S-5a(H), 14a(H), 1 7a(H)-cthylsteranc (C2 9 )
16. 20R-5a(H), 14p(H), 1 7p(H)-cthylstcranc (C2 9 )
17. 20S-5a(H), 14p(H), 1 7p(H)-cthylstcranc (C2 9 )
18. 20R-5a(H), 14a(H), 17a(H)-cthylsteranc (C2 9 )
W Bicadinanc W-type resin compound
T Bicadinanc T-typc resin compound 
T' unknown bicadinane-type resin compound 
R Bicadinanc R-typc resin compound 
R' unknown bicadinane-type resin compound 
x unknown compound
Fig. 7.6 Metastable reaction chromatograms of a typical M-MM oil showing the distribution 
of steranes and methylsteranes and the presence of abundant bicadinane-type resin compounds. Each 
chromatogram is identified by the carbon number (e.g. C27) and specific transition measured (e.g. 








C30 bicadinane W-type resin compound 
C30 bicadinane R-type resin compound 
C30 bicadinane T-type resin compound 
unknown C30 bicadinane 
unknown C30 bicadinane 
18a(H) + 18P(H) oleanane 
unknown triterpenoid
¡6:00 ' 58 = 00 1;00'■ 00 1 • 02■ 00 1 =04 = 00 1 = 06 = 00 1:08:00 1 = 10:00
TIME (HOUR)
F ig . 7.7 A typical reconstructed  ion current for m+ -> 191 (eq u iva len t  
to m /z 191 by S elected  Ion M onitoring) for M -M M  oils.
C 2 8  
1 0 0
C27 C29
Fig. 7 .8  Triangular diagram showing relative abundance 
of 5a(H ),17a(H ),21a(H ),20R  steranes.
Fig. 7.9 A gas chromatogram of n-alkanes distribution in the extract 
from MEM cutting sample
Fig. 7.10 Relation of Pr/n-C17 and Ph/n-C18 in extracts and oils showing the organic matter type, depositional environment and maturity (After Bissada et al., 1992)
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OILS GENERATED FROM OILS GENERATED FROM 
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L A N D -D E R IV E D  AQUATIC-DERIVED  
P R ED O M IN A N T PRED O M IN A N T
OILS GENERATED FROM  
AQUATIC-DERIVED ORGANIC 
MATTER
Fig. 7.11 Histograms of crude oils from Sunda Sub-basin showing 
the source parameters based on C17 to Pristane ratio 
and n-Alkane ratio (After Molina, 1985).
TABLES TO
CHAPTER THREE
Tables 3.1 - 3.8
TABLE 3.1
TYPE OF SAMPLE MATERIALS USED 
FROM THE MID MAIN CARBONATE 
NORTHWEST JAVA BASIN
Well name Depth interval 
of MMC
Ditch cuttings Conventional core Sidewall core
MQ-2 916.5 -1020.2 m 
(3007' - 3347')
13 samples composited 
over 3, 6 or 9 m (10', 20' 
or 30*) intervals between the 
depths of 914.4 - 932.7 m 
(3000' - 3060’) and 950 - 
1024 m (3117’ - 3360')
16 samples over the 
interval 930.9 - 950.4 m 
(3054' - 3118')
12 samples through the 
formation between 916.5 - 
1020.2 m (3007’ - 3347')
MQ-3 932.7 - 999.7 m 
(3060’ - 3280')
12 samples composited 
over 6 m (20 ft) intervals 
between 932.7 - 1005.8 m 
(3060' - 3300')
NA
Ï5 samples between 
932.7 - 1005.8 m 
(3060’ - 3280’)
905.9 - 1002.8 m 
(2972' - 3290’) NA
19 samples from 905.6 - 
922.6 m (2971’ - 3027’)
20 samples between 905.9 - 
1002.8 m (2792’ - 3290’)
MQ-8 927.8 - 1025.7 m 
(3044* - 3365’)
15 samples composited 
over 6 m (20 ft) intervals 
between 920.5 - 1030.2 m 
(3020’ - 3380')
23 samples between 
927.5 - 941 m (3043' - 
3087')
6 samples between 927.8 - 
1025.7 m (3044’ - 3365')
MY-1
(2734' - 2960')
12 samples composited 
over 6 m (20 ft) intervals 
between 829 - 902.2 m 
(2720’ - 2960')
' 20 samples from 836.4 - 
855.3 m (2744' - 2806')
20 samples between 833.3 - 
902.2 m (2734’ - 2960')
TABLE 3.1 (Continued)
TYPE OF SAMPLE MATERIALS USED 
FROM THE MID MAIN CARBONATE 
NORTHWEST JAVA BASIN
W ell nam e Depth interval 
o f M M C
Ditch cuttings Conventional cores Sidew all cores
MB-2 1015.6 - NP 
(3332’ - NP)
25 samples composited 
over 3 m (10') intervals 
between 1013.5 - 1091.2 m 
(3325' - 3580')
NA
36 samples between 
1015.6 - 1092 m (3332* - 
3583')
TD = 1092 m (3583')
MH-1 668.7 - 757.7 m 
(2194’ - 2486’)
12 samples composited 
over 1.5, 3 and 6 m (5', 10' 
and 20') intervals between 
664.5 - 731.5 m (2180’ - 
2400')
37 samples from 677.9 - 
689.5 m ( 2224* - 2262’)
NA
MO-1 766 - 854 m 
(2513' - 2802’)
9 samples composited 
over 9 m (30') intervals 
between 768 - 859.5 m 
(2520’ - 2820’)
NA
5 samples between 766 - 
854 m (2513' - 2802*)
MW-1 753.5 - 846 m 
(2472* - 2776’)
11 samples composited 
over 3 and 6 m (10* and 
20*) intervals between 
749.8 - 841.2 m (2460* - 
2760')
NA
32 samples between 753.5 - 
846 m (2472* - 2776’)
MXC-3 1050.3 - NP 
(3446* - NP)
12 samples composited 
over 3 m ( 10') intervals 
between 1042.4 - 1092.7 m 
(3420' 3585')
40 samples from 
1065.9 - 1086.6 m 
(3497* - 3565')
12 samples between 
1050.3 - 1092.7 m 
(3446* - 3585’)
TD = 1092.7 m (3585')









F = fair 
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TABLE 3.2  (continued) 















































TX-19 MQ-8 920.5 3020 F — T A F - — — T F
TX-41 MQ-8 929.6  3050 A — — — - — — — — — —
TX-20 MQ-8 935.1 3068 A T — T — — — — — —
TX-40 MQ-8 936 3071 A T — R — — — — — —
TX-23 MW-1 755.9 2480 A — C T T — — — — —
TX-24 MW-1 795.5 2610 A — — F T — — — — —
TX-25 MW-1 839.4 2754 A T - T — — — — — —
TX-26 MW-1 848 2782 F — — A T — — — — —
TX-29 MXC-3 1073.2 3521 A T — R T — — — — —
TX-30 MXC-3 1080.8 3546 A — — T T — — — — —
TX-32 MY-1 834 2736 F — — A R — — — — —
TX-33 MY-1 836.4 2744 A — — R T — — — — R
TX-38 MY-1 851.3 2793 R — — A T — — — — —
TX-39 MY-1 851.9 2795 A R — T — — — — — —
TX-31 MY-1 865.6 2840 A — — T — — — — — —
Note : A -  abundant C = common F = fair R = rare T = trace
Table 3.3
Facies distribution of Mid Main Carbonate throughout the wells studied
N . Well name 
Limestone Facies \
MB-2 MH-1 MO-1 MW-1 MXC-3
Foraminiferal Limestone 
Facies
1015.6 - 1044.2 m 
(3332' - 3426')
1048 - 1092 m 
(3438’ - 3583’)
681.5 - 682.8 m 
(2236’ - 2240')
689.5 - 701 m 
(2262* - 2300’) 
719.3 - 757.7 m 
(2360’- 2486’)
NP
753.5 - 828 m 
(2472’ - 2717')
1050.3 - 1075 m 
(3446’ - 3527’)
1076.2 - 1092.7 m 
(3531’ - 3585’)
Coral Limestone Facies NP NP NP NP NP
Coral Foraminiferal 
Limestone Facies
1044.2 - 1048 m 
(3426’ - 3438*)
668.7 - 680 m 
(2194’ -2231’)
682.8 - 685.8 m 
(2240’ - 2250’) 
701 - 719.3 m 
(2300' - 3260’)







680 - 681.5 m 
(2231’ - 2236’)
NP NP
1075 - 1076.2 m 
(3527' - 3531')
Algal Foraminiferal 
Limestone Facies N P
685.8 - 689.5 m 
(2250' - 2262’)
NP
828 - 846 m 
(2717’ - 2776’)
NP
Note : NP = Not present




MQ-2 MQ-3 MQ-5 MQ-8 MY-1
Foraminiferal Limestone 
Facies
916.5 - 943.4 m 
(3007’ - 3095')
894.9 - 951 m 
(2936’ - 3120’)
N P NP
852 - 902.2 m 
(2795' - 2960')
Coral Limestone Facies
943.4 - 947.9 m 
(3095' - 3110’)
NP NP




Limestone Facies NP NP
905.9 - 975.4 m 
(2972’ - 3200’)
927.8 - 935.7 m 
(3044* - 3070') 
940.3 - 951 m 
(3085* - 3120’)





947.9 - 1020.2 m 
(3110’ - 3347')
951 - 995 m 
(3120’ - 3264’)
975.4 - 1002.8 m 
(3200’ - 3290’)
951 - 1025.7 m 
(3120* - 3365’)
842.8 - 852 m 
(2765’ - 2795’)
Algal Foraminiferal 
Limestone Facies NP NP NP NP NP
Note : NP = Not present
Table 3.4 Micropalaeonfological data from MH-1 and MY-1 wells.
Well Number Depth
F o s s i l  C o n t e n t
Planktonic foraminifera Benthonic foraminifera Others
MH-1 678.2 m 
(2225 ft)
Not present (NP) Anomalinella rostrata (x) 
Elphidium crispum (x) 
Planidina spp. (x)
Bolivina spp. (+) 
Elphidium macellum (x) 




MH-1 681 m 
(2234 ft)




Notes : (♦) Very abundant (*) Abundant (x) Common (o) Few (+) Rare
Table 3.4 Micropalaeontological data from MH-1 and MY-1 wells.
(continued)
F o s s i l
Well Number Depth
Planktonic foraminifera
MH-1 688.5 m 
(2259 ft)
Globorotalia obesa (x) 
Globorotalia siakensis (x) 
Globigerim praebidloides (x) 
Globigerinoides subquadratus (o) 
Globigerinoides trilobus (o) 
Hastigerina praesiphonifem (+)





Anomalinella rostrata (o) 
Elphidium crispum (o) 




Eponides punctidata (+) 
Amphistegina lessomi (x) 
Miogypsina spp. (*)
Lepidocyclina (N) bomeensis (x) 
Lepidocyclina (TV) martini (o) 
Lepidocyclina (N) rutteni (+)
Notes: (•) Very abundant (*) Abundant (x) Common (o) Few (+) Rare
Table 3.4 Micropalaeontological data from MH-1 and M Y -  wells.
(continued)
Well Number Depth
F o s s i l  C o n t e n t
Planktonic foraminifera Benthonic foraminife n Others
MY-1 837.3 m 
(2747 ft)
Globigerinoides trilobus (+) 
Globigerinoides obliquus (o) 







Lepidocyclina (N) sumi nsis (*) 
Lepidocyclina (N) angu a (o) 




MY-1 850 m 
(2789 ft)
Globigerinoides trilobus (+) Pseudorotalia schoetera (x) 
Elphidium crispum (x) 
Ammonia beccarii (x) 




Notes: (*) Very abundant (*) Abundant (x) Common (o) Few (+) Rare
Table 3.5
Age determination based on Planktonic foraminifera assemblages
(Blow zonation)
Well: MH-1
Depth: 688.5 m (2259 ft)
E P O C H M I O C E N E P L I O C E N E PLEISTOCENE
E A R L Y M I D D L E LATE LOWER UP. HOLOCENE
Blow Zonation N4 N5 N6  N7 N8 N9N10 N il N12N13N14 N15 N16 N17 N18 N19 N20 N21 N22 N23
Globorotalia obesa
Globorotalia siakensis





Age determination based on Planktonic foraminifera assemblages
(Blow zonation)
Well: MY-1
Depth: 837.3 m (2747 ft)
E P O C H M I O C E N E P L I O C E N E PLEISTOCENE
E A R LY M I D D L E  | LATE LOWER UP. HOLOCENE
Blow Zonation N4 N5 N6  N7 N8 N9N10 N il N12N13N14 N15 N16 N17 N18 N19 N20 N21 N22 N23
Globigerinoides obliquus
Globigerinoides sacculifer
Globigerinoides subquadratus . . ................................. • ----1
Globigerinoides trilobus 1-------------------------- ------------------------------------------------------------------------------------------------- «
Table 3.7 Age determination based on larger foraminifera 
A. Sample from MH-1 well at a depth of 668.5 m (2259 ft)
E P O C H OLIGOCENE M I O C E N E PLIO CENE PLEISTO CENE  TO RECENT
INDONESIAN LETTER CLASSIFICATION 
(After Clarke and Blow, 1969)
Late E a r ly M id d le Late
ThTe 4 Te 5 Tf 1-2 Tf 3 Tg
Lepidocyclina (N) borneensis j
1
Lepidocyclina (TV) martini Lr
Lepidocyclina (T) rutteni 1
B. Sample from MY-1 well at a depth of 837.3 m (2747 ft)
E P O C H OLIGOCENE M I 0  C E N E PLIO C EN E PLEISTO CENE  TO RECENT
INDONESIAN LETTER CLASSIFICATION 
(After Clarke and Blow, 1969)
Late E a r ly M id d le Late
ThTe 4 Te 5 Tf 1-2 Tf 3 Tg
Lepidocyclina (N) sumatrensis — »
Lepidocyclina (TV) martini h
Lepidocyclina (TV) angulosa i—
Cycloclypeus inornatus
Table 3.8
Summary of the porosity and permeability distribution 
in the M-MM Carbonate reservoirs
Well Core types
Porosity (%) Permability (md)
Range Mean Range Mean
MH-1 Conventional 5 - 34.9 17.1 0.1 - 137 12.4
MQ-2 Conventional 10 - 33.7 1 8 0.2 - 266 101
MQ-3 Sidewall 14.9 - 36.4 26.3 2.6 - 93 40
MQ-5 Conventional 3.5 - 27.1 14.6 0.1 - 6.6 0.9
MQ-8 Conventional 3.8 - 17.7 10.7 < 0.1 - 27 5.2
MB-2 Sidewall 17.2 - 34.2 23.3 0.3 - 452 90
MO-1 Sidewall 18.8 - 31.5 23.4 - -
MY-1 Conventional 9.3 - 27.7 15.7 0.29 - 316 67




















Tables 5.1 - 5.9
T a b le  5 .1
Relation between measured porosity (Y) and log porosity (X) expressed in linear regression 
equations (refer to Figs 5.18 - 5.23).
Well name Type of core Curve fit equation Correlation coefficient 
(r)
no. of data 
(n)
MB-2 Sidewall Y = 1.2485X 0.957 34
MH-1 Sidewall Y = 0.7789X 0.987 13
MH-1 Conventional Y = 0.7569X 0.941 16
MO-1 Sidewall Y = 0.9838X 0.950 16
MQ-2 Sidewall Y = 1.0818X 0.967 25
MQ-2 Conventional Y = 0.9077X 0.904 . 18
MQ-3 Sidewall Y = 1.1183X 0.965 35
MQ-5 Sidewall y  = 1.0444X 0.980 28
MQ-5 Conventional Y = 0.7765X 0.926 14
MQ- 8 Sidewall Y = 1.2098X 0.972 19
MQ- 8 Conventional Y = 0.7252X 0.927 13
MW-1 Sidewall Y = 0.9903X 0.973 33
MXC-3 Conventional Y = 0.8521X 0.912 26
MY-1 Conventional Y = 0.7563X 0.936 18
MQ-Field Sidewall Y = 1.0865X 0.965 107
MQ-Field Conventional Y = 0.8130X 0.903 45
Table 5.2











MQ-2 3055 931.2 3.0 21.72 13.8 3.44
MQ-2 3093 942.8 2.26 18.94 11.9 0.53
MQ-2 3107 947.0 3.47 19.02 18.2 2.29
MQ-2 3111 948.2 2.57 19.71 13.0 0.13
MQ-2 3118 950.4 5.41 20.73 26.1 4.80
MQ-5 2970 905.3 0.30 4.46 6.73 0 . 1 0
MQ-5 3012 918.1 0.41 4.82 8.51 0.19
MQ-5 3019 920.2 1.03 4.20 24.5 2 . 2 0
MQ-5 3022 921.1 0.73 4.17 17.5 2.50
MQ- 8 3050 929.6 1.34 8.07 16.6 0.82
MQ- 8 3071 936.0 1 . 8 6 1 1 . 0 1 16.9 4.98
MQ- 8 3072 936.4 1.97 11.14 17.7 0.46
MQ- 8 3074 937.0 0.44 11.56 3.80 0 . 0 2
MQ- 8 3082 939.4 0.39 4.75 8 . 2 1 0 . 1 0
MH-1 2230 679.7 0.37 7.36 5.0 0.04
MH-1 2236 681.5 0.56 8 . 0 1 7.0 0.06
MH-1 2247 684.9 1.42 7.94 17.9 1.99
MH-1 2252 686.4 1.75 5.63 31.1 7.41
MH-1 2260 688.9 1.73 5.90 29.3 31.6
MXC-3 3517 1072.0 0.405 7.90 5.13 0 . 0 2
MXC-3 3521 1073.2 1.25 11.24 1 1 . 1 62.0
MXC-3 3523 1073.8 1 . 0 1 8 . 8 6 11.4 0.42
MXC-3 3546 1080.8 3.02 13.85 2 1 . 8 2 1 1 . 0
MY-1 2745 836.7 3.39 18.04 18.8 26.0
MY-1 2777 846.4 3.205 18.81 17.0 1.33
MY-1 2779 847.0 5.26 18.96 27.7 8.81
MY-1 2789 850.1 4.06 17.18 23.6 2 1 . 0
MY-1 2797 852.5 1.44 19.72 7.30 0.29





Pore entry radius (Ri)
microns
3 0 . 2 1 35.54
6 0.42 17.77
9 0.63 11.85
1 2 0.84 8.89
15 1.05 7.11
24 1.69 4.44





1 0 0 7.03 1.07
2 0 0 14.06 0.53
300 21.09 0.36
500 35.15 0 . 2 1
750 52.73 0.14





Recovery Efficiency calculation based on 













MH-1 2230 679.7 78.9 27.6 65 2 1
MH-1 2236 681.5 50.0 12.9 74 1)0
MH-1 2247 684.9 89.1 26.6 67 19
MH-1 2252 686.4 80.6 42.9 52 1 1
MH-1 2260 688.9 89.1 48.1 46 1 1
MQ-2 3055 931.2 75 37.2 50 25
MQ-2 3093 942.8 71.8 31.0 57 28
MQ-2 3107 947.0 73.8 31.0 58 26
MQ-2 3111 948.2 87.5 43.3 50 13
MQ-2 3118 950.4 87.3 39.8 54 13
MQ-5 2970 905.3 70 32.7 53 30
MQ-5 3012 918.1 53.7 25.4 53 46
MQ-5 3019 920.2 50.49 23.3 54 50
MQ-5 3022 921.1 74.7 18.1 76 25
MQ- 8 3050 929.6 8 8 . 2 41.3 53 1 2
MQ- 8 3071 936.0 88.5 49.3 44 1 1
MQ- 8 3072 936.4 78.6 35.9 54 2 1
MQ- 8 3074 937.0 60.9 22.7 63 39
MQ- 8 3082 939.4 83.8 55.1 34 16
MXC-3 3517 1072.0 34.6 8 . 6 75 65
MXC-3 3521 1073.2 81.2 28.2 65 19
MXC-3 3523 1073.8 84.8 48.8 42 15
MXC-3 3546 1080.8 87.4 48.5 45 13
MY-1 2745 836.7 85.8 43.5 49 14
MY-1 2777 846.4 81.7 37.1 55 18
MY-1 2779 847.0 85.6 33.8 60 14
MY-1 2789 850.1 85.2 58.8 31 15
MY-1 2797 852.5 81.4 39.5 51 19
RE : recovery efficiency = (SHgl - SHg2)/SHgl x 100%
SHgl : volume of mercury injection at maximum pressure (1500 psi)
SHg2: volume of mercury remaining in the sample at atmospheric pressure 
Swi : irreducible water saturation
Table 5.5 Basic Capillary Pressure Data for the Mid Main Carbonate 
reservoir rocks.
Sample Por Perm Ri Pt RE PTS Swi
MH-1/7 5.00 0.04 0.15 1 2 . 0 2 . 6 2 . 8 2 1
MH-1/13 7.00 0.06 0 . 1 0 605.0 2 . 6 1.9 50
MH-1/23 17.90 1.99 0.50 41.0 9.7 2.7 19
MH-1/28 31.10 7.41 4.00 26.0 14.4 2.9 1 1
MH-1/36 29.30 31.60 0.50 15.0 1 2 . 0 2.9 1 1
MQ-2/47 13.80 3.44 0.50 17.0 5.2 2.9 25
MQ-2/54 11.90 0.53 0 . 2 0 67.0 4.9 2 . 0 28
MQ-2/61 18.20 2.29 0 . 2 0 244.0 7.8 1 . 6 26
MQ-2/63 13.00 0.13 0.15 2 1 0 . 0 5.8 2.3 13
MQ-2/67 26.10 4.80 0.50 33.0 12.4 2.4 13
MQ-5/1A 6.73 0 . 1 0 -8 . 0 0 -8 . 0 2.5 4.0 30
MQ-5/3 3.51 0.19 0 . 1 0 375.0 2.4 2 . 6 46
MQ-5/10 24.50 2 . 2 0 0.15 159.0 6.7 2 . 6 50
MQ-5/13 17.50 2.50 0 . 2 0 67.0 9.9 2.4 25
MQ-8/17 16.60 0.82 0.50 19.0 7.8 2 . 6 1 2
MQ-8/24 16.90 4.98 0.07 387.0 6 . 6 2.4 1 1
MQ-8/25 17.70 0.46 0 . 1 0 383.0 7.5 8 . 0 2 1
MQ-8/27 3.80 0 . 0 2 -8 . 0 0 -8 . 0 1.5 5.6 39
MQ-8/35 8 . 2 1 0 . 1 0 0.07 652.0 2.4 1.5 16
MXC-3/3 5.13 0 . 0 2 0.07 190.0 1.3 8 . 0 65
MXC-3/6 26.90 62.00 35.00 1 . 8 5.9 8 . 0 19
MXC-3/8 11.40 0.42 0.07 645.0 4.1 1 . 2 15
MXC-3/26 21.80 2 1 1 . 0 0 35.00 0 . 2 8.5 8 . 0 13
MY-1/103 18.80 26.00 0.50 50.0 8 . 0 5.1 14
MY-1/109 17.00 1.33 0 . 2 0 59.0 7.6 2 . 0 18
MY-1/110 27.70 8.81 0.50 5.0 14.3 2.4 14
MY-1/114 23.60 2 1 . 0 0 0.50 38.0 6 . 2 2 . 6 15
MY-1/118 7.30 0.29 0.15 231.0 3.1 1.9 19
Table 5.6 Product-Moment Matrix for Capillary Pressure Data for the 
Mid Main Carbonate reservoir rocks.
Sample Por Perm Ri Pt RE PTS Swi
Por ****** 0.3096 0.3160 -0.5401 0.8840 0.0563 -0.5154
Perm 0.3096 ****** 0.8450 -0.2787 0.1783 0.5234 -0.2294
Ri 0.3160 0.8450 ****** -0.2680 0.0672 0.6381 -0.1596
Pt -0.5401 -0.2787 -0.2680 ****** -0.5400 -0.2290 0.2605
RE 0.8840 0.1783 0.0672 -0.5400 ****** -0.0998 -0.5627
PTS 0.0563 0.5234 0.6381 -0.2290 -0.0998 ****** 0.2036
Swi -0.5154 -0.2294 -0.1596 0.2605 -0.5627 0.2036
Notes: Por = porosity (%) Perm = Permeability (md) Ri = Pore radius (jim) 
Pt = threshold pressure (psi) RE = recovery efficiency 
PTS = pore throat sorting Swi = irreducible water saturation.
Table 5.7 Significant values in the Product-Moment Matrix for 































Upper half of matrix equals probability at 95% confidence level 
Lower half of matrix equals probability at 99% confidence level
Note: List of abbreviation as for Table 5.6.
Table 5.8 Reservoir quality parameter data for the Mid Main Carbonate reservoir rocks.
(G ro u p in g  o f  th e  r e serv o ir  q u a lity  is  tak en  from  F ig . 5 .56)
NUM BER  
OF VALUES





M INIM UM M AXIM UM
G R O U P I
P orosity  ( 0 ) 9 7.13 3.54 3.51 13.8
P erm eability  (k) 9 0.52 1.1 0.02 3.44
Pore R adius (R i) 7 0.18 0.15 0.07 0.5
T hreshold  Pressure (Pt) 7 214 216 12 605
Pore Throat Sorting (P T S) 9 3.5 2.1 1.9 8
Irreducible W ater Saturation (S w i) 9 36 15 19 65
R ecovery  E ffic ien cy 9 2.9 1.34 1.3 5.2
G R O U P  n
P orosity  ( 0 ) 4 12.4 3.61 8.21 16.9
P erm eability  (k) 4 1.41 2.39 0 .1 4.98
Pore R adius (R i) 4 0.09 0.04 0.07 0.15
Threshold  Pressure (Pt) 4 474 215 210 652
Pore Throat Sorting (P T S) 4 1.85 0.59 1.2 2.4
Irreducible W ater Saturation (S w i) 4 14 2.2 11 16
R ecovery  E ffic ien cy 4 4.73 1.87 2.4 6.6
G R O U P  H I
Porosity  ( 0 ) 11 22.68 5.43 16.6 31.1
Perm eability  (k) 11 7.7 9.82 0.82 31.6
Pore R adius (R i) 11 0.7 1.1 0.15 4
T hreshold  Pressure (Pt) 11 64.2 72.8 5 244
Pore Throat Sorting (PT S) 11 2.46 0.38 1.6 2.9
Irreducible W ater Saturation (S w i) 11 18.5 11.9 11 50
R ecovery  E ffic ien cy 11 9.89 2.97 6.2 14.4
G R O U P  IV
P orosity ( 0 ) 4 21.3 4.12 17.7 26.9
Perm eability  (k) 4 74.9 94.2 0.46 211
Pore R adius (R i) 4 17.65 20 0 .1 35
Threshold  Pressure (Pt) 4 108.75 184.3 0.2 383
Pore Throat Sorting (PT S) 4 7.25 1.45 5.1 8
Irreducible W ater Saturation (S w i) 4 16.75 3.9 13 21
R ecovery  E ffic ien cy 4 7.48 1.13 5.9 8.5
Table 5.9
Generalized classification of reservoir rock quality, 
Mid Main Carbonate Rock, Northwest Java Basin.
Type Reservoir characteristics Examples Remarks
I 0 = L - F Swi = H RE = L 
k = L 
Pt = H
Fig. 5.57 Poor reservoir quality
II 0 = F - G Swi = L - M RE = L - M 
k = L 
Pt = H
Fig. 5.58 Low-moderate quality
III 0 = G 
k = F - G 
PTS = W-M
Swi = L Pt = L RE = G Fig. 5.59a
Good commercial reservoir 
rock
Swi = M-H Pt = H RE = M Fig. 5.59b
IV 0 = G Swi = L RE = M 
k = G 
PTS = VP
Fig. 5.43 Moderate quality
Notes:
Porosity (0), in % 
< 5 L ow  
5 -1 5  Fair 
15 - 25 Good  
> 25 E xcellent
Perm eability (k), in md Threshold pressure (Pt), in psi 
< 1 Low < 10 Very Low
1 - 1 0  Fair 10 - 25 Low
10 -1 0 0  Good 25 -1 0 0  M oderate
> 100 E xcellent > 100 High
Pore Throat Sorting (PTS) 
(D im ensionless)
< 2 W ell 
2 - 3 M oderate  
> 3 Poor 
8 No sorting
Irreducible w ater saturation  
(Swi), in %
< 15 L ow  
15 - 25 M oderate  
> 25 H igh
R ecovery E fficiency (RE) 
(in % Bulk V olum e)
< 3  V ery Low  
3 - 5  Low  
5 - 1 0  M oderate  
> 10 G ood
TABLES TO
CHAPTER SIX
Tables 6.1 - 6.4
Table 6.1 M acérai classification, origin and optical properties. 
C o m p iled  from  S m ith  (1 9 8 1 ), C o o k  (19 8 2 ) an d  S ta n d a r d  A sso c ia t io n  o f  A u str a lia  (1 9 8 6 ).
M acérai G roup O rigin M acérai Subgroup M acérai M icroscop ic appearance
V itrinite
Humified woody or 
cellulosic tissue 
typically derived 






Red-orange in transmitted light. 
Medium grey in reflected light. 
Reflectance falls between those o f  
liptinite and inertinite. 







Waxy or resinous 
material. Cuticles 
and spores and pollen 











Y ellow  to pale yellow  in transmitted 
light. Dark grey in reflected light. 
Strong to intense autofluorescence 
in blue, violet and ultraviolet light. 
Reflectance below  that o f  vitrinite, 
except at high rank.
Inertinite
Biochemically altered 
woody and other tissue. 








Brown to opaque in transmitted 
light. Pale grey, white or yellow ish  
white in reflected light.
Reflectance above that o f  vitrinite, 
except at extremely high rank.
No fluorescence at high rank.
Table 6.2 Type, rank and abundance of organic matter for samples 










D isp ersed  o r g a n ic  m a tter  (D O M )
L ith o lo g y
C o a l
O th er  c o m p o n e n tsAb( M acérai com p. Liptinite m acérais Oi S h ow s Macérais (%) Micro­
lithotypeSp Cu R e Ld Su Ex F1 B it Od O c V L I Py FeO F S f M a
M H-1 22331 1024.1 0 .2 9 S V >L >I R R R R - - - S A - C a> C s> C o 99.6 0.4 - V it R S S S R
2 2 3 3 2 1 0 3 0 .2 0 .2 9 S V >L =I R - - R - - - C A - C a> C s> C o 98.4 1.5 0.1 V it> C la S C S S R
223 2 3 1036 .3 0.31 S I> V = L R R - - - C A R S t> S s> C s> C a - . _ . C A R R
22324 1048 .5 0 .2 9 S I> V = L - - R R - - - S S - C a> S t . _ - . C A _
2 2 3 2 5 1 0 6 0 .7 0 .44 C I> L >V R - R S - - - S C - S t> C a> S s - - - - C A R R .
M O-1 2 2 3 3 9 1 2 6 8 .6 N D R I Ca - - - . S R
2 2 3 4 0 1285 N D R L=I R - - R - - - R R - S s> C a _ • . S S
22341 12 8 9 .6 0 .33 R V =I - - - - - - - - - - S s> C a . - • S C m
2 2 3 4 2 1303 .3 0 .33 R V = I= L - - - R - - - R R - C a> S s - - - • S C
2 2 3 4 3 1 3 1 0 .6 0 .4 4 S V = I= L - R S S - - - S S - C a> S s - - - . - C C - - .
M U -1 2 2 3 2 6 15 0 8 .8 0 .4 S V = L >I C A R R - - - S R - S t> C s> C a - - - - c A R R
2 2 3 2 7 1527 0.41 S L > V = I R - R S - - - S R - C a > C s> S s - . • .  ■ c A S S
223 3 3 15 6 5 .5 0 .4 2 S V > L R - - R - S - S R - C a> S h - _ A A .
2 2 3 2 8 1 572 .8 0 .4 2 C V = L >I R - R S - - - C C - S h > C a > S s . . . A A .
2 2 3 3 4 15 8 9 .2 0 .44 S V =L >I R - R S - - - S S - S t> C a> S h - _ C A .
2 2 3 2 9 1600 .2 0 .4 5 S V =L >I R - - S - - - C S - C a > C s> S s - . _ c A .
2 2 3 3 5 1621 .8 0 .4 5 - - - - - - - - S - - - C oal 94.9 4.7 0.4 V it> C la c C .
2 2 3 3 0 1 6 2 7 .6 0 .4 6 A V >L >I A S A C R - - A A R C s> C o > C a > S s 95.3 4.5 0.2 V it c C _ .
M Y-1 2 2 3 3 6 1 3 6 6 .7 0 .3 2 C V >L >I S R R s R - - C S - S s> C a > C o 98.9 1 0.1 V it S C _
2 2 3 3 7 1 3 7 5 .6 0 .3 9 C V =L >I S C S c R - c A C - S s> C o 98.9 1 0.1 V it c c _
2 2 3 3 8 1 445 .4 0 .4 R V = L =I - - - R - - - - R - C a > C s> S s - - - - A c _ .
M Z-1 2 2 3 1 6 9 9 3 .6 0 .4 2 S L>V=1 R - R S - - - S R - C s> C a - - - _ C c
2 2 3 1 7 9 9 9 .7 0 .4 7 S L > V =I R - R S - - - R S - C s> C a > C o 99.3 0.6 0.1 V it C A
2 2 3 1 8 10 0 5 .8 0 .4 8 S L > V = i R R R S - - - R R - C a> C s _ c A
2 2 3 1 9 1 0 1 2 0 .4 8 S V = L >I S R R R - - - R - - C s> C a > S s - - - - c A R R -
List of abbreviation to Table 6.2
R v m a x  = m e a n  m a x im u m  v itr in it e  r e f le c ta n c e  
A b d  =  a b u n d a n c y  
A  =  a b u n d a n t, 2 -1 0 %
C =  c o m m o n , 0 .5 -2 %
S =  s p a r s e ,  0 .1 -0 .5 %
R  =  r a r e , < 0 .1%
- =  a b s e n t
V  =  v i t r in it e  
L  = l ip t in i t e  
I =  in e r t in it e
S p  =  s p o r in it e  
C u  =  c u t in it e  
R e  =  r e s in it e  
L d  =  I ip to d e tr in it e  
S u  = s u b e r in it e  
E x  = e x u d a t in it e  
FI =  f lu o r in it e
B it  =  b itu m e n  
O d  = o il  d ro p  
O c = o il  c u t
V it  =  v itr ite  
C la  =  c la r ite
C a  = c a r b o n a te  
C s =  c la y s to n e  
C o  = c o a l  
S t = s i l t s t o n e  
S S  = s a n d s to n e  
S h  = s h a le
P y  = p y r ite  
F e O  = ir o n  o x id e  
F = fo r a m in ife r a l  fr a g m e n t
S f  =  s h e l l  fr a g m e n t
M a  =  m u d  a d d itiv e
T a b le  63  T h e r m a l h isto ry  d a ta  for  T a la n g  A k a r  F o r m a tio n  in th e  s tu d y  a r ea . 
T iso  w as c a lc u la te d  u sin g  sc a le  H  (F ig . 6 .1 8 )  a n d  a s su m in g  
th e  a v er a g e  a g e  o f  2 5  M a  fo r  a ll th e  T a la n g  A k a r  F o r m a tio n .
W ell G G  ( C /km ) D epth  (m ) R vm ax  (% ) T p res ( C) T iso  (°C) T grad  (°C)
G rad /Iso  ratio
MH-1 37 1024.1 0.29 66 .9 2 4 38 3
1030.2 0 .29 67.1 24 38 3
1036.3 0.31 67.3 29 4 6 2.2
1048.5 0 .29 67.8 24 38 3.04
1060.7 0 .44 68.2 56 90 0.36
MO-1 33 .2 1268.6 . 71.1 - - -
1285 - 71.7 - - -
1289.6 0.33 71.8 34 55 1.84
1303.3 0.33 72.3 34 55 1.87
1310.6 0 .44 72.5 56 90 0.49
MU-1 34 1508.8 0.4 80.3 48 77 1.12
1527 0.41 80.9 50 80 1.03
1565.5 0.42 82.2 52 83 0.97
1572.8 0.42 82.5 52 83 0.98
1589.2 0.44 83 56 90 0.8
1600.2 0.45 83.4 58 93 0.73
1621.8 0.45 84.1 58 93 0.75
1627.6 0.46 84.3 60 96 0.68
MY-1 35.4 1366.7 0.32 77 .4 31 50 2.49
1375.6 0.39 77.7 47 75 1.09
1445.4 0.4 80.2 48 77 1.12
MZ-1 35.2 993.6 0.42 64 52 83 0.38
999.7 0.47 64.2 62 99 0.06
1005.8 0.48 64.4 64 102 0.01
1012 0.48 64.6 64 102 0.02
GG = geothermal gradient (°C/km)
Rvmax = mean maximum vitrinite 
reflectance (%)
Tpres = present downhole temperature ( C)
Tiso = isothermal model temperature (°C) 
Tgrad = gradthermal model temperature (°C) 
Grad/Iso = (Tpres - Tiso)/(Tgrad - Tiso)
T a b l e  6 .  4
V i t r i n i t e  r e f l e c t a n c e  m e a s u r e m e n t  d a ta  
f o r  s a m p l e s  f r o m  T a la n g  A k a r  F o r m a t io n  







M a x im u m  v itr in ite  re flectan ce
R a n g e , (% ) R vm a x  (%) SD, (%) n
M H -1 2 2 3 3 1 1 0 2 4 .1 0 .2 6  - 0 .3 2 0 .2 9 0 .0 2 17
2 2 3 3 2 1 0 3 0 .2 0 . 2 5 - 0 . 3 2 0 .2 9 0 .0 2 18
2 2 3 2 3 1 0 3 6 .3 0 .2 8  - 0 .3 3 0 .3 1 - 9
2 2 3 2 4 1 0 4 8 .5 0 .2 4  - 0 .3 2 0 .2 9 0 .0 2 16
2 2 3 2 5 1 0 6 0 .7 0 .3 1  - 0 . 5 5 0 .4 4 - 6
M a i 2 2 3 3 9 1 2 6 8 .6 ND ND ND ND
2 2 3 4 0 1 2 8 5 .0 ND ND ND ND
2 2 3 4 1 1 2 8 9 .6 0 .3 0  - 0 .3 6 0 .3 3 - nD
2 2 3 4 2 1 3 0 3 .3 0 .3 0  - 0 .3 4 0 .3 3 - 6
2 2 3 4 3 1 3 1 0 .6 0 .3 1  - 0 . 5 4 0 .4 4 0 .0 6 18
M U -1 2 2 3 2 6 1 5 0 8 .8 0 .3 6  - 0 .5 0 0 .4 0 0 .0 4 3 0
2 2 3 2 7 1 5 2 7 .0 0 .3 4  - 0 .4 7 0 .4 1 0 .0 3 19
2 2 3 3 3 1 5 6 5 .5 0 .3 8  - 0 .4 6 0 .4 2 0 .0 2 2 0
2 2 3 2 8 1 5 7 2 .8 0 .3 8  - 0 .4 7 0 .4 2 0 .0 3 18
2 2 3 3 4 1 5 8 9 .2 0 .4 0  - 0 .5 2 0 .4 4 0 .0 4 21
2 2 3 2 9 1 6 0 0 .2 0 .3 6  - 0 .5 3 0 .4 5 0 .0 5 21
2 2 3 3 5 1 6 2 1 .8 0 .3 8  - 0 .5 2 0 .4 5 0 .0 3 28
2 2 3 3 0 1 6 2 7 .6 0 .3 6  - 0 .5 6 0 .4 6 0 .0 5 2 6
M Y -1 2 2 3 3 6 1 3 6 6 .7 0 .3 0  - 0 .4 1 0 .3 2 0 .0 3 19
2 2 3 3 7 1 3 7 5 .6 0 .3 2  - 0 .4 5 0 .3 9 0 .0 3 2 8
2 2 3 3 8 1 4 4 5 .4 0 .3 8  - 0 .4 3 0 .4 0 - 3
M Z -1 2 2 3 1 6 9 9 3 .6 0 .3 5  - 0 .5 0 0 .4 2 6
2 2 3 1 7 9 9 9 .7 0 .3 3  - 0 .5 3 0 .4 7 0 .0 6 15
2 2 3 1 8 1 0 0 5 .8 0 .4 1  - 0 .5 5 0 .4 8 0 .0 5 13
2 2 3 1 9 1012.0 0 .3 7  - 0 .5 6 0 .4 8 0 .0 6 16
N D  =  n o  d a t a
S D  =  s t a n d a r d  d e v ia t io n
n  =  n u m b e r  o f  m e a s u r e m e n t s
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M-MM1 238.2 8.9 169.4 33.7 20.3 1 1 . 0 3.4
M-MM2 215.2 6.3 218.1 24.7 13.3 0 . 6 7.0
M-MM3 251.8 4.1 219.1 45.3 31.5 11.3 3.6
E.O.M. = extractable organic matter
ASPH = asphalthenes
SATS = saturated hydrocarbons
AROMS = aromatic hydrocarbons
POLS = polar hydrocarbons
Table 7.2 Quantitative distribution of n-alkanes for the M-MM oils
(numbers were taken from peak area as read from chromatograms).
C 1 5 C 16 C 1 7 P r C 1 8 P h C 1 9 C 2 0 C 2 1 C 2 2 C 2 3 C 2 4 C 2 5 C 2 6 C 2 7 C 2 8 C 2 9 C 3 0 C 3 1 C 3 2 C 3 3 C 3 4
M - M M 1 2 5 6 1 2331 2 3 1 9 3 9 6 7 22 4 1 5 0 3 2 2 0 0 2 3 2 2 2 3 7 2 2 4 5 2 2 5 0 2 2 4 9 3 2 4 6 2 2 3 7 4 2 2 9 7 1958 1753 1297 1257 8 2 8 7 3 8 3 0 8
M - M M 2 58 5 1 19 6 2 6 0 4 5 8 6 5 0 5 9 8 7 1 1 9 4 6351 6301 6 5 2 9 6 7 3 3 6951 6 8 9 5 6 9 6 4 6 8 4 3 6 8 5 9 6 0 0 3 5 5 0 5 4 1 3 8 3 9 4 4 2 5 5 3 2 2 4 4 911
M - M M 3 2541 2 3 9 6 2 4 3 7 3 4 2 6 2 3 8 4 4 4 0 2 3 5 2 2 4 7 5 2 5 4 5 2 6 2 8 2 7 1 5 2 7 1 5 2 7 4 8 2 6 8 5 2 6 7 5 2 3 4 2 2 1 5 5 1687 1655 1114 978 4 3 5
Pr = isoprenoid n-19 (pristane) 
Ph = isoprenoid n-20 (phytane)
Table 7.3 Composition of saturated hydrocarbons from gas chromatography
of saturated hydrocarbons.
Oil samples Pr n-17 Pr/n-17 Ph n-18 Ph/n-18 Pr/Ph
(%)
n-alkanes CPI C3 1 /C 19
M-MM1 3967 2319 1.71 503 2241 0.224 7.88 58.5 1.04 0.57
M-MM2 8650 6045 1.43 1194 5987 0.199 7.24 50.6 1.04 0.62
M-MM3 3426 2437 1.405 440 2384 0.184 7.78 67.9 1 . 0 0.70
Pr = pristane Ph = phytane n-17andn-18 = n-alkanes of C1 7  and C1 8
CPI (Common Preference Index) of Moldowan et al. (1985) = 2(n-C23+n-C25+n-C27+n-C29)
2(n-C24+n-C26+n-C28)+n-C22+n-C30
Table 7.4 P eak  a s s ig n m e n ts  f o r  t r im e th y ln a p h th a le n e s ,
p h e n a n th re n e  and  m e th y lp h e n a n th re n e s  p re s e n t in  F ig .  7 .2 .












1 ,3 ,7 -tr im e th y l n ap h th a le n e
1 .3 .6 - tr i m ethy l n ap h th a le n e
1.4.6- + 1,3 ,5-trim ethylnaphthalene
2 .3 .6 -  tri m ethy l n ap h th a le n e
1.2.7- + 1,6,7- + 1,2,6-trim ethylnaphthalene
1 .2 .4 -  tri methyl  naph t ha l ene
1 . 2 . 5 -  tri methyl  naph t ha l ene  
p h e n a n t h r e n e  
3 - m e t h y l p h e n a n t h r e n e  
2 - m e t h y I p h e n a n t h r e n e  
9 - m e t h y  l p h e n a n t h r e n e  
1 - m e t h y l p h e n a n t h r e n e12.
Table 7.5 Maturity and source parameters from gas chromatography-mass spectrometry











M-MM1 0.80 0.78 0.95 2.72 0 . 0 2 2 2 0.435
M-MM2 0.74 0.74 0.87 0.65 -0.0604 -0.187
M-MM3 0.75 0.74 0.80 0.46 -0 . 1 0 0 0 -0.337
A : Methylphenanthrene index (MPI) of Radke & Welte (1983) = 1.5 x (2MP + 3MP)/(P + IMP + 9MP)
where P = concentration of phenanthrene
2MP, 3MP, IMP and 9MP = concentrations of 2-,3-,l- and 9- methylphenanthrenes 
B : Calculated vitrinite reflectance of Boreham et al. (1988), VRc = 0.7 x MPI + 0.22 
C : l-methylphenanthrene/9-methylphenanthrene or simply as 1MP/9MP
D : l-,2-,5-trimethylnaphthalene/l-,3-,6-trimethylnaphthalene or simply as 1,2,5TMN/1,3,6TMN 
E : log (1MP/9MP)
F : log (1,2,5TMN/1,3,6TMN)
Note : m/z is a mass-to-charge ratio.
T ab le  7.6 Peak assignments fo r triterpanes present in  F ig . 7.4.
Peak no. Compound name Carbon number
1 . 18a(H)-22,29,30-trisnomeohopane (Ts) 27
2 . 17a(H)-22,29,30-trisnorhopane (Tm) 27
3. 17a(H),21 P(H)-30-norhopane 29
4. 17P(H),21a(H)-30-norhopane 29
5. 18a(H)- + 18p(H)-oleanane 30
6 . 17a(H),2ip(H)-hopane 30
7. 17p(H),21a(H)-moretane 30
8 . 22S -14a(H), 17 a(H), 21 p(H)-diahomohopane 31
9. 22R- 14a(H), 17a(H),21 P(H)-diahomohopane 31
1 0 . 22S- 17a(H),21 p(H)-homohopane 31
1 1 . 22R-17a(H),2iP(H)-homohopane 31
1 2 . 17b(H) ,21 a(H)-homomoretane 31
13. 22S -14a(H), 17 a(H),21 P(H) ,diabishomohopane 32
14. 22R- 14a(H), 17a(H),21 P(H),diabishomohopane 32
15. 22S-17a(H),21p(H)-bishomohopane 32
16. 22R-17 a(H) ,21 p(H)-bisnorhopane 32
17. 22S- 14a(H), 17a(H),21 P(H)-diatrishomohopane 33 (?)
18. 22R-14a(H), 17 a(H) ,21 p(H)-diatrishomohopane 33 (?)
19. 22S- 17a(H),21 P(H)-trishomohopane 33
2 0 . 22R-17 a(H) ,21 P(H)-trishomohopane 33
2 1 . 22S-17a(H),21p(H)-tetrakishomohopane 34
2 2 . 22R-17a(H),21 p(H)-tetrakishomohopane 34
W Bicadinane W-type resin compound 30
T Bicadinane T-type resin compound 30
T' unknown bicadinane-type resin compound 30
R Bicadinane R-type resin compound 30
R ’ unknown bicadinane-type resin compound 30
X Unknown compound
Table 7.7 Maturity and source parameter from gas chromatography-mass spectrometry



































M-MM1 0.715 0.577 0.06 1 . 0 1.18 0.027 0.51 0.084 5.55 0.49
M-MM2 0.598 0.606 0 . 1 0 0.91 1 . 1 0 0.045 0.53 0.057 4.11 0.42
M-MM3 0.600 0.658 0.07 1.06 1 . 2 2 0.047 0.58 0.066 4.87 0.46
A : C2 9  (20S-)/(20S-)+(20R-) 14a(H), 17 a(H)-ethylsterane 
B : C3 2  (22S-)/(22S-)+(22R-)17a(H),21p(H)-bishomohopane 
C : C3 0 17(3(H),21a(H)-moretane/17a(H),21p(H)-hopane 
D : C2 7  17a(H)-/18a(H)-trisnorhopane or simply as (Tm/Ts)
E : E C2 9 diasteranes/E C2 9 steranes
F : C3 1 2a-methyl,17a(H),2iP(H)-hopane/C3o 17a(H),21p(H)-hopane 
G : C2 9 17a(H),21p(H)-norhopane/C3o 17a(H),2iP(H)-hopane 
H : C3 1 22S+R-homodiahopane/17a(H),21p(H),22S+R(H)-homohopane 
1 : E C2 7 -C3 4 hopanes/E C2 7 -C2 9 Steranes+diasteranes 
J : C30 18a(H)- +18p(H)-oleanane/17a(H),21p(H)-hopane
m = maturity indicator; s = source indicator
TABLE 7.8
SOURCE ROCK POTENTIAL DATA 
MB-4 WELL












1 4400 1341 Limestone 0.11 0.27 0.38 425 0.29 0.30 90
2 4782 1458 Shale 0.22 3.05 3.27 427 0.07 1.96 156
3 4794 1467 Shale 0.35 2.87 3.22 425 0.11 1.72 166
4 4820 1469 Shale 0.18 1.16 1.34 429 0.13 1.10 105
5 4830 1472 Shale 0.15 2.49 2.64 426 0.06 1.17 212
6 4846 1477 Shale 0.17 1.30 1.47 432 0.12 1.24 104
7 4860 1481 Limestone 0.05 0.47 0.52 432 0.10 0.30 173
8 4866 1483 Shale 0.63 10.15 10.78 430 0.06 3.02 336
9 4890 1490 Shale 0.38 2.76 3.14 429 0.12 1.86 148






represents the quantity of oil (free hydrocarbon) 
represents the quantity of hydrocarbons released from the kerogen 
the temperature at which the maximum rate of oil generation occurs 
Production Index calculated from (S1)/(S1+S2)
Hydrogen Index calculated from 100xS2/TOC
TABLE 7.9
SUMMARY OF DATA FOR EXTRACTS FROM SAMPLES COMING FROM MB-4 WELL
No. Depth Lithology % Saturated % Aromated % Polar CPI Pr/Ph Pr/n-C17 Ph/n-C18
Feet Metres hydrocarbons hydrocarbons hydrocarbons
1 3200 975 Limestone 50.64 25.86 23.5 1.02 3.94 1.6 0.31
2 4400 1341 Limestone 17.8 14.15 68.05 1.18 3.91 1.61 0.35
3 4500 1372 Limestone 17.04 11.75 71.21 1.07 4.97 1.6 0.31
TABLE 7.10
COMPARISON OF SOURCE ROCK EXTRACTS 
AND OILS PROPERTIES FROM 
THE STUDY AREA
PROPERTY EXTRACTS OILS
RANGE MEAN RANGE MEAN
Pr/Ph ratio 3.91 - 4.97 4.27 7.24 - 7.88 7.64
Pr/n-C17 1.60 - 1.61 1.60 1.41 - 1.71 1.52
Ph/n-C18 0.31 - 0.35 0.32 0.18 - 0.22 0.20
CPI 1.07 - 1.18 1.09 1.07 - 1.09 1.08
Vrc from MPI - - 0.74 - 0.78 0.75
Notes: CPI : Carbon Preference Index =
2n-C29/(n-C28+n-C30)
Vrc from MPI :
calculated vltrlnite reflectance using 
formula of Boreham et at. (1988) 
(see Table 7.5, col. B)
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Fig. 7.11 Histograms of crude oils from Sunda Sub-basin showing 
the source parameters based on C17 to Pristane ratio 
and n-Alkane ratio (After Molina, 1985).
APPENDIX 1
TABULATION OF PETROGRAPHIC 
DESCRIPTION
Explanation to Appendix 1
1. Sam ple num ber
2. Depth, in feet
3. Depth, in m etres
4 . L im esto n e  F a c ies (L F )
1 = Foram iniferal Lim estone Facies
2 = Coral L im estone Facies
3 = Coral Foram iniferal Lim estone Facies
4 = A gal Coral Foraminiferal Lim estone Facies
5 = A gal Foram iniferal Lim estone Facies
5 . T e x tu r e
5 = F loatstone
6 = Rudstone





6. Larger Bethonic Foraminifera
1 = Lepidocyclina 5 = Amphistegina
2 = Miogypsina 6 = Rotaliid
3 = Cycloclypeus 7 = Miliolid




3 = Indeterminate planktonic foraminifera
8. M acrofossils.
1 = Coral 5 = Echinoderms
2 = Algae 6  = Bryozoans
3 = Bivalves 7 = Indeterminate macrfossils
4 = Gastropods
9. Terrigeneous
1 = Quartz 3 = Shale
2 = Carbonaceous materials
10. Sorting
1 = Poorly sorting
2 = Moderate sorting
11. Roundness (Rd)
1 = Angular 3 = Subrounded
2 = Subangular 4 = Rounded
12. Averaged Grain Size (As)
1 = 0.125-0.5 mm.
2 = 0.5-1 mm
3 = 1-2 mm
4 = 2-4 mm
5 = > 4mm
13. M atrix
1 = Micrite 3 = Biomicrite
2 = Microsparite 4 = Argillaceous material
14. Cements
1 = Calcite 3 = Fe Calcite
2 = High-Mg Calcite
15. Porosity
% -  measured porosity, in percent
1 = Intraparticle porosity
2 = Interparticle (intergranular) porosity
3 = Mouldic porosity
4 = Vugular porosity
5 = Fractured porosity
6  = Channel porosity







6  = Burial /  Fractures
List of Abbreviations
a = abundant (> 15 %) 
c = common (5-15 %) 
r  = rare (< 5 %)
m a = major 
m i = m inor 
N A  = not available
TABULATION OF PETROGRAPHIC DESCRIPTION
Sam ple D epth L F Texture L . Foram P. Foram M acrofossils T errigenous S o Rd A s V latrix C em en ts Porosity D ia g en esis
num ber (feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o mi m a m o m i
M H -1/1 2 2 2 4 6 7 7 .9 3 5 7 1 8 7 1 7 5 1 2 5 1 2 1 6 .6 4 3 5 2 3 1
M H -1/2 2 2 2 5 6 7 8 .2 3 5 2 1 8 1 2 3 1 2 5 1 2 1 6 .7 4 3 2 3 1
M H -1/3 2 2 2 6 6 7 8 .5 3 7 2 1 8 1 7 6 1 2 5 1 2 1 3 13 4 1 3 2 3 1
M H -1/4 2 2 2 7 6 7 8 .8 3 3 2 1 2 6 1 2 1 2 7 1 2 3 2 1 1 3 1.5 3 4 2 3 1
M H -1/6 2 2 2 9 6 7 9 .4 3 7 1 2 5 2 1 1 4 .1 1 2 3
M H -1/7 2 2 3 0 6 7 9 .7 3 2 7 1 2 6 1 2 1 7 1 2 3 2 1 1 6 .3 4 4 2 3
M H -1/8 2231 6 8 0 3 3 5 1 2 6 2 1 2 4 1 2 3 1 2 1 7 4 5 2 3 1
M H -1/9 2 2 3 2 6 8 0 .3 4 7 5 2 1 2 3 5 2 1 N A 7 1 2 3
M H -1/10 2 2 3 3 6 8 0 .6 4 7 5 2 8 2 2 1 3 2 3 5 1 2 1 7 .8 4 1 2 3
M H -1 /1 1 2 2 3 4 6 8 0 .9 4 5 5 2 1 2 3 5 1 2 1 5 .7 7 1 4 2
M H -1/12 2 2 3 5 6 8 1 .2 4 3 5 1 2 6 2 1 2 1 2 3 3 1 2 1 19 4 2 1 3
M H -1/13 2 2 3 6 6 8 1 .5 4 5 1 2 6 1 2 5 1 2 3 1 2 1 2 2 4 2 3 1
M H -1/14 2 2 3 7 6 8 1 .8 1 6 4 8 7 2 3 3 1 1 6 .8 7 1 2 4
M H -1/15 2 2 3 8 6 82 .1 1 6 4 1 2 5 7 5 2 3 3 2 1 1 10 4 3 1 2 3 4
M H -1/16 2 2 3 9 6 8 2 .1 1 6 4 1 2 5 7 2 2 2 3 2 1 1 7 .4 4 4 2 3
M H -1/17 2 2 4 0 6 8 2 .8 1 6 7 1 2 7 1 2 1 2 5 2 1 1 5 4 1 2 3 4
M H -1 /1 8 2241 6 8 3 .1 3 6 4 2 1 8 1 2 7 1 2 3 1 2 1 6.1 4 3 3 4 2
M H -1 /19 2 2 4 2 6 8 3 .4 3 4 3 1 2 8 1 7 1 3 1 1 2 4 4 3 2 4 3
M H -1 /20 2 2 4 4 6 8 4 3 - 4 6 2 1 8 1 7 6 1 2 3 2 1 14 4 2 3 4
M H -1/21 2 2 4 5 6 8 4 .3 3 ' 4 6 1 2 8 7 2 1 3 3 2 1 17 4 2 3 4
M H -1 /2 2 2 2 4 6 6 8 4 .6 3 4 6 1 2 8 7 2 1 3 3 1 1 12 4 2 3 4
M H -1/23 2 2 4 7 6 8 4 .9 3 4 6 2 1 8 1 2 5 1 3 3 2 1 18 4 2 3 4
M H -1 /24 2 2 4 8 6 8 5 .2 3 4 6 2 1 6 1 7 2 1 2 3 2 1 15 4 2 3 1
M H -1/25 2 2 4 9 6 8 5 .5 3 4 6 2 1 8 1 7 1 2 3 1 1 17 4 4 2 3
M H -1 /26 2 2 5 0 6 8 5 .8 3 5 3 1 2 5 7 2 1 3 4 1 1 21 4 3 4 2 3
M H -1/27 2251 686 .1 3 5 2 1 8 2 1 1 3 3 1 2 1 18 4 4 2 1
TABULATION OF PETROGRAPHIC DESCRIPTION
Sam ple D epth L F T exture L . Foram P .l 7oram M acrofossils T errigenous S o Rd A s M atrix C em ents Porosity D ia g en esis
num ber (feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o m i m a m o m i
M H -1/28 2 2 5 2 6 8 6 .4 3 5 2 1 2 8 2 6 7 1 2 4 1 2 1 31 4 1 3 1 2 3
M H -1/30 2 2 5 4 6 8 7 3 2 5 1 8 5 2 7 1 3 3 1 1 28 4 1 2 3
M H -1/31 2 2 5 5 6 8 7 .3 3 5 2 1 8 1 1 2 6 1 3 3 3 1 1 24 4 3 1 2 4
M H -1/32 2 2 5 6 6 8 7 .6 3 2 5 1 2 6 1 2 1 2 4 3 1 1 2 6 4 1 1 2 3
M H -1/33 2 2 5 7 6 8 7 .9 3 3 5 1 8 6 2 7 1 2 3 1 2 1 1 32 4 1 1 2 3
M H -1/34 2 2 5 8 6 8 8 .2 3 3 5 1 8 6 1 2 1 3 1 2 3 1 2 1 1 33 4 1 1 2 3
M H -1/35 2 2 5 9 6 8 8 .5 3 5 3 1 8 2 2 7 3 1 2 3 1 2 1 1 32 4 1 3 1 2 4
M H -1 /36 2 2 6 0 6 8 8 .8 3 5 3 1 2 6 2 6 7 1 2 4 1 2 1 1 29 4 1 1 2 4
M H -1 /38 2 2 6 2 6 8 9 .5 3 5 3 1 6 2 2 2 3 1 2 1 1 30 4 1 1 2 4
M H -1 /4 0 2 2 8 0 6 9 4 .9 1 5 1 2 6 7 1 2 2 3 3 1 2 1 1 N A 2 1 2 3
M H -1/41 2 3 0 0 701 1 4 1 2 6 7 2 2 3 3 2 1 1 1 N A 1 4 1 2 3
M H -1 /42 2 3 2 0 707 .1 3 6 1 1 2 3 3 2 1 1 N A 4 1 2 3
M H -1/43 2 3 4 0 7 1 3 .2 3 5 3 1 6 7 2 2 2 3 1 2 1 1 3 N A 4 2 3 5
M H -1 /44 2 3 6 0 7 1 9 .3 3 5 1 2 8 1 2 2 2 4 1 2 1 1 N A 4 3 1 2 3
M H -1/45 2 3 8 0 7 2 5 .4 3 3 1 2 7 2 1 1 2 3 1 2 1 1 N A 4 3 1 2 4
M H -1 /46 2 4 0 0 7 3 1 .5 3 3 5 8 1 2 7 2 1 2 2 3 1 2 1 1 N A 4 1 2 4
M Q -2/1 3 0 3 4 9 2 4 .8 1 2 8 1 1 1 2 2 3 1 1 1 17 3 1 4 2 1 3
M Q -2 /2 3 0 4 2 9 2 7 .2 1 2 1 2 1 7 6 1 1 2 2 3 1 1 1 26 3 1 4 2 1 3
M Q -2/3 3 0 5 5 9 3 1 .2 1 2 3 1 2 1 1 1 2 2 2 1 1 1 14 7 4 1 2 3
M Q -2 /4 3 0 5 7 9 3 1 .8 1 2 3 1 2 7 1 1 2 2 2 1 1 21 1 3 2 1 3
M Q -2/5 3 0 5 9 9 32 .4 1 2 3 1 2 3 7 1 1 1 2 2 2 1 1 24 1 3 4 2 1 3
M Q -2 /6 3 0 7 4 937 1 2 3 8 1 1 1 2 2 1 2 1 25 4 7 2 1 3
M Q -2 /7 3 0 7 7 9 3 7 .9 1 2 3 1 2 8 7 5 1 2 2 2 1 34 1 4 6 2 1 3
M Q -2 /8 3 0 8 7 940 .9 1 3 4 8 1 7 1 1 2 2 1 1 17 2 4 1 2 3
M Q -2 /9 3 0 9 0 941 .8 1 4 3 1 8 7 1 2 3 2 1 3 N A 4 1 3 1 2 3
TABULATION OF PETROGRAPHIC DESCRIPTION
S am p le D epth L F T exture L . Foram P. Foram M acrofossils T errigenous S o Rd A s latrix C em en ts ^orosity D ia g en esis
num ber (feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o m i m a m o m i
M Q -2 /10 3091 942 .1 1 3 4 1 8 3 5 1 1 2 3 1 1 1 25 4 7 2 1 3
M Q -2/11 3 0 9 3 9 4 2 .7 1 3 4 1 2 6 3 6 1 1 1 2 3 1 3 1 2 0 1 4 2 3 5
M Q -2 /12 3 095 9 4 3 .4 1 4 3 1 4 8 7 6 5 1 1 2 3 1 2 1 3 18 4 7 2 3 6
M Q -2/13 3097 94 4 2 5 3 1 8 1 3 6 1 3 4 1 1 3 31 4 3 1 4 2 1
M Q -2/14 3101 9 4 5 .2 2 5 2 6 3 1 3 3 1 3 4 4 1 1 12 7 4 1 6
M Q -2/15 3 103 9 4 5 .8 2 2 3 8 3 1 3 5 3 1 3 4 4 3 1 29 4 3 1 2 3
M Q -2 /1 6 3 1 0 4 9 4 6 .1 2 3 8 3 1 3 3 1 2 4 4 3 3 1 13 7 1 3 5
M Q -2 /17 3 1 0 7 9 4 7 2 2 3 8 1 3 1 3 3 1 2 3 4 1 3 1 13 4 1 6 5
M Q -2 /18 3 1 0 9 9 4 7 .6 2 2 3 3 1 6 3 1 2 3 4 1 1 3 11 4 6 2 3 5
M Q -2 /19 3 1 1 0 9 4 7 .9 2 2 1 6 1 2 1 2 3 1 2 2 4 1 1 25 1 4 1 2 3
M Q -2 /2 0 3111 9 4 8 .2 4 2 8 6 3 2 1 3 1 2 2 4 1 3 1 12 4 1 2 3
M Q -2/21 3 113 9 4 8 .8 4 1 2 8 6 3 2 3 6 3 1 2 2 4 1 1 10 4 3 1 2 4
M Q -2 /2 2 3 115 9 4 9 .5 4 3 2 3 1 6 2 1 3 1 2 2 4 1 1 13 1 5 3 1 2 3
M Q -2 /23 3 1 1 7 9 5 0 .1 4 2 3 3 1 4 3 2 6 3 1 1 2 2 4 1 1 2 0 1 4 4 2 3
M Q -2 /24 3 1 1 8 9 5 0 .4 4 2 3 1 3 2 2 1 2 2 2 4 1 1 22 7 1 4 3
M Q -2 /25 3 1 2 0 951 4 3 2 1 2 4 1 2 7 2 5 2 2 2 1 1 23 1 3 4 1 2 3
M Q -2 /2 6 3 1 5 0 9 6 0 .1 4 2 3 1 2 5 2 1 2 2 2 1 3 1 N A 4 1 3 2 1
M Q -2 /27 3 1 8 0 9 6 9 .3 4 2 3 2 1 1 3 2 1 3 1 2 2 1 1 N A 4 3 7 3 1 2
M Q -2 /28 3 2 1 0 9 7 8 .4 4 2 2 1 3 2 3 1 2 2 1 1 3 N A 4 7 3 1 2
M Q -2 /29 3 2 4 0 9 8 7 .6 4 2 3 8 3 2 3 1 2 3 1 1 N A 4 1 3 1 2
M Q -2 /3 0 3 2 7 0 9 9 6 .7 4 2 8 3 2 1 3 1 2 4 1 1 N A 7 4 3 1 2
M Q -2/31 3 3 0 0 1005 .8 4 2 8 3 2 1 1 1 N A 4 7 3 1 2
M Q -2 /3 2 3 3 3 0 1015 4 2 1 2 3 2 1 1 1 N A 4 3 1 2 3 1
M Q -2 /33 3343 1018 4 2 3 8 1 5 7 2 2 2 2 1 1 2 2 4 1 1 2 3
M Q -2 /3 4 3 3 6 0 1024 4 2 1 3 2 1 1 2 4 1 1 N A 1 4 2 3 1
M Q -2 /35 3 3 9 0 1033.3 4 2 1 3 2 7 1 1 2 3 1 1 N A 4 7 4 1 3
TABULATION OF PETROGRAPHIC DESCRIPTION
S am p le D epth L F Texture L . Foram P. Foram M acrofossils T errigeneous S o Rd A s Wlatrix C em ents Porosity D ia g en esis
num ber (feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o m i m a m o m i
M Q -3/1 2 9 7 0 9 05 .3 1 2 1 8 1 3 1 1 3 3 4 1 1 29 4 6 1 2 1 3
M Q -3 /2 2 9 9 6 9 1 3 .2 1 2 3 1 2 4 1 1 3 1 1 36 2 1 4 2 1 3
M Q -3/3 3 0 0 0 9 1 4 .4 1 3 2 1 2 5 7 2 1 1 2 3 1 1 34 4 1 2 1 3
M Q -3/4 3005 9 1 5 .9 1 3 2 2 1 4 7 1 2 3 1 1 28 1 2 4 2 3 1
M Q -3/5 3011 9 1 7 .8 1 2 1 8 6 3 7 1 1 2 3 1 1 34 4 1 2 1 3
M Q -3 /6 3 0 1 6 9 1 9 .3 1 4 1 2 5 5 7 1 2 3 1 1 30 4 2 1 3
M Q -3 /7 3021 9 2 0 .8 1 3 4 1 5 6 7 5 1 2 3 1 1 32 4 2 2 1 3
M Q -3 /8 3 0 4 4 9 2 7 .8 1 3 1 5 6 7 6 1 1 2 3 1 1 25 4 6 1 2 1 3
M Q -3 /9 3 0 8 0 9 3 8 .8 1 3 4 1 6 5 3 7 6 1 2 3 1 1 3 N A 1 3 4 2 3 1
M Q -3 /1 0 3 0 8 6 9 4 0 .6 1 3 1 2 5 2 7 1 1 2 3 1 3 1 24 4 6 2 1 3
M Q -3 /1 1 3 1 0 0 9 4 4 .9 1 3 1 68 5 3 7 2 1 1 2 3 1 1 3 N A 4 3 2 3 1
M Q -3 /1 2 3 1 2 0 951 1 2 3 1 8 5 7 2 1 2 3 1 1 3 N A 4 1 2 3 5
M Q -3 /1 3 3 1 4 0 9 5 7 .1 4 2 1 2 5 6 1 2 3 1 1 3 N A 4 3 2 1
M Q -3 /1 4 3 1 6 0 9 6 3 .2 4 2 2 8 5 2 1 5 1 2 3 1 1 3 N A 7 3 2 1
M Q -3 /1 5 3 1 8 0 9 6 9 .3 4 2 3 8 2 1 5 1 2 3 1 1 N A 4 2 1 3
M Q -3 /1 6 3 2 0 0 9 7 5 .4 4 2 1 2 6 3 1 2 7 1 2 3 1 1 N A 4 1 2 3
M Q -3 /1 7 3 2 1 6 9 8 0 .2 4 2 1 8 6 1 2 7 1 2 3 1 1 20 4 1 2 3
M Q -3 /1 8 3 2 4 0 9 8 7 .6 4 2 3 1 8 5 2 1 5 1 2 3 1 1 N A 4 2 3 1
M Q -3 /1 9 3 260 9 9 3 .6 4 2 3 1 2 1 5 1 2 3 1 1 N A 4 1 2 3 1
M Q -5/1 2 9 7 0 9 0 5 .3 3 2 8 6 1 7 3 1 2 3 1 1 7 4 3 2 3 1
M Q -5 /2 2 989 911 3 2 3 1 5 1 7 2 1 2 3 1 1 34 4 1 2 1 3
M Q -5 /3 2 9 9 6 9 1 3 .2 3 2 1 8 1 7 6 1 2 2 1 1 17 4 2 1 3
M Q -5 /4 3000 9 1 4 .4 3 2 2 1 8 3 1 2 1 2 4 1 1 21 4 5 6 2 1 6
M Q -5/5 3007 9 1 6 .5 3 2 8 1 7 1 2 3 1 1 17 5 4 2 1 6
M Q -5 /6 3 010 9 1 7 .5 3 7 3 8 1 1 2 5 1 1 7 7 2 3 1
TABULATION OF PETROGRAPHIC DESCRIPTION
Sam ple D epth L F T exture L. "oram P .l*oram M acrofossils T errigeneous S o Rd A s M atrix C em ents P orosity D ia g en esis
num ber (feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o m i m a m o m i
M Q -5/7 3011 9 1 7 .8 3 5 1 8 6 1 1 6 1 2 5 4 1 1 11 4 1 2 3 1
M Q -5/8 3 0 1 2 9 1 8 .1 3 5 8 6 1 6 1 2 5 1 3 1 7 4 7 2 3 1
M Q -5/9 3 013 9 1 8 .4 3 2 8 3 1 7 1 1 2 3 1 3 1 10 4 1 2 3
M Q -5/10 3 0 1 4 9 1 8 .7 3 5 1 8 1 7 1 1 2 4 1 1 3 8 3 1 3 2
M Q -5/11 3 015 91 9 3 5 8 7 1 3 1 1 2 4 1 1 3 16 4 1 3 2
M Q -5/12 3 0 1 6 9 1 9 .3 3 3 5 1 2 6 1 2 5 1 1 2 3 1 1 3 4 7 3 2 1
M Q -5/13 3 0 1 7 9 1 9 .6 3 2 5 4 6 3 1 2 1 1 2 4 1 1 3 6 7 4 3 2 1
M Q -5/14 3 0 1 8 9 1 9 .9 3 2 3 8 3 7 1 1 2 1 1 2 1 1 16 2 1 2 3
M Q -5/15 3 0 1 9 9 2 0 .2 3 2 3 8 7 1 1 2 1 1 2 1 1 22 2 1 2 3
M Q -5/16 3 0 2 0 9 2 0 .5 3 3 4 1 2 6 1 3 1 2 3 2 1 1 3 5 3 3 1 2
M Q -5/17 3021 9 2 0 .8 3 1 8 6 7 1 3 2 2 2 4 1 1 19 5 1 3 6
M Q -5/18 3 0 2 2 921 .1 3 1 8 7 1 3 2 2 2 4 1 1 24 5 1 3 6
M Q -5/19 3 023 9 2 1 .4 3 5 3 1 2 8 1 3 2 1 2 5 1 1 13 4 3 1 2
M Q -5/20 3 0 2 4 9 2 1 .7 3 3 4 1 2 8 7 1 6 1 2 3 1 1 4 7 3 1 2
M Q -5/21 3 0 2 5 9 2 2 3 4 1 2 8 7 1 2 3 1 1 2 7 4 1 2 3
M Q -5/22 3 0 2 6 9 2 2 .3 3 4 1 2 8 1 3 1 1 2 3 1 2 1 11 4 1 1 3 2
M Q -5/23 3 0 2 7 9 2 2 .6 3 4 1 2 8 7 1 5 1 2 3 1 2 1 24 4 1 3 2
M Q -5/24 3 049 9 2 9 .3 3 3 8 5 7 1 2 1 2 3 1 1 33 4 5 1 2 6
M Q -5/25 3057 9 3 1 .8 3 3 8 2 7 1 2 1 2 3 1 1 23 4 6 1 2 3
M Q -5/26 3068 935 .1 3 1 2 8 3 7 1 1 2 3 1 1 25 4 1 1 2 3
M Q -5/27 3 074 937 3 2 2 8 6 1 2 7 1 2 1 2 3 1 1 21 4 5 1 2 3
M Q -5/28 3 1 0 6 9 4 6 .7 3 1 8 4 7 1 1 2 3 1 1 N A 4 2 1 3
M Q -5/29 3 1 2 0 951 3 2 8 5 6 7 1 1 2 3 1 1 30 4 6 2 1 3
M Q -5/30 3 1 8 2 9 6 9 .9 3 3 8 7 1 1 1 2 3 1 1 23 4 1 2 1 3
M Q -5/31 3191 9 7 2 .6 3 2 3 8 7 1 1 2 1 1 2 1 1 2 2 2 1 2 3
M Q -5/32 3205 9 7 6 .9 4 3 1 2 5 7 2 5 1 2 3 1 2 1 N A 4 1 2 4
TABULATION OF PETROGRAPHIC DESCRIPTION
Sam ple
num ber
D epth L F T exture L. Foram P . l^oram M a cro fo ssils T errigeneous S o Rd A s M atrix C em en ts P orosity D ia g en esis
(feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o m i m a m o m i
M Q -5/33 3 2 2 2 9 8 2 .1 4 2 8 2 1 2 2 1 3 1 25 4 1 1 3 2
M Q -5/34 3 2 3 3 9 8 5 .4 4 2 8 2 4 1 2 2 1 1 2 6 4 1 3 4
M Q -5/35 3241 9 8 7 .9 4 2 3 1 8 5 2 1 6 1 2 3 1 1 2 6 4 1 2 3
M Q -5/36 3 2 6 0 9 9 3 .6 4 2 7 8 1 2 7 1 2 5 1 1 3 23 4 1 3 2
M Q -5/37 3 2 7 9 9 9 9 .4 4 2 8 5 7 2 1 2 5 1 1 3 28 4 6 4 1 2 6
M Q -8/1 3 0 4 5 9 2 8 .1 3 2 8 1 7 1 1 2 2 4 1 1 21 4 1 1 2 3
M Q -8/2 3 0 4 9 9 2 9 .3 3 3 8 5 6 1 7 5 1 2 3 1 1 11 3 4 2 1 3
M Q -8/3 3 0 5 0 9 2 9 .6 3 3 1 8 5 1 3 7 1 2 4 1 1 13 4 3 1 2 1 3
M Q -8/4 3 051 9 2 9 .9 3 3 2 1 2 6 1 7 1 2 3 1 1 15 4 3 5 2 1 3
M Q -8/5 3 0 5 2 9 3 0 .2 3 3 1 2 5 1 3 4 1 2 4 1 1 12 4 3 5 2 1 3
M Q -8/6 3 0 6 7 9 3 4 .8 3 3 2 1 2 6 1 1 2 1 2 2 1 1 6 4 1 2 3 1
M Q -8/7 3 0 6 8 9 3 5 .1 3 2 1 2 4 1 7 1 2 3 1 3 1 16 4 1 2 3 5
M Q -8/8 3 0 6 9 9 3 5 .4 3 2 1 8 6 1 7 1 3 1 3 3 1 3 1 15 4 3 1 2 3 4
M Q -8/9 3 0 7 0 9 3 5 .7 3 2 5 1 8 1 1 1 2 3 1 1 3 14 4 6 2 3 1
M Q -8 /10 3071 9 3 6 2 2 8 1 1 7 5 1 2 3 1 1 18 3 6 2 4 3
M Q -8 /1 1 3 0 7 2 9 3 6 .3 2 2 1 2 4 1 1 4 1 2 3 1 3 1 15 4 1 6 2 4 3
M Q -8 /1 2 3 0 7 3 9 3 6 .7 2 5 3 8 1 1 1 2 3 1 1 6 7 2 3 5
M Q -8 /1 3 3 0 7 5 9 3 7 .3 2 2 8 1 1 7 1 2 3 1 1 11 4 1 2 3 4
M Q -8 /14 3 0 7 6 9 3 7 .6 2 2 8 1 3 7 1 2 3 1 1 7 4 7 2 3 4
M Q -8 /1 5 3 0 7 8 9 3 8 .2 2 3 8 1 7 3 1 2 3 1 1 9 4 7 2 3 4
M Q -8 /1 6 3 0 7 9 9 3 8 .5 2 2 8 3 1 5 1 2 2 1 1 6 4 5 2 3 4
M Q -8 /1 7 3 0 8 0 9 3 8 /8 2 3 2 8 4 1 2 1 2 2 1 2 1 6 4 3 1 2 3
M Q -8 /1 8 3081 9 3 9 .1 2 2 3 8 3 7 1 2 3 1 1 12 4 6 3 1 3 6
M Q -8 /1 9 3 0 8 2 9 3 9 .4 2 2 8 1 1 3 1 3 1 2 3 1 4 1 10 4 6 1 3 6
M Q -8 /20 3 0 8 5 9 4 0 .3 2 7 1 2 2 5 1 2 1 3 12 4 6 1 2 3
TABULATION OF PETROGRAPHIC DESCRIPTION
Sam ple
number
Depth L F T exture L. Foram P .l^oram M a cro fo ssils T errigencous S o Rd A s IVatrix C em ents Porosity D ia g en esis
(feet) (m etres) m a m i a c r a c r a c r a c r a c r a c r % m a m o m i m a m o mi
M Q -8/21 3 0 8 6 9 4 0 .6 3 2 1 2 5 1 1 2 3 1 1 3 8 4 1 2 6
M Q -8/22 3 1 0 0 9 4 4 .9 3 5 3 1 8 5 1 1 2 4 1 4 1 3 N A 3 1 1 2 3
M Q -8/23 3 1 1 2 9 4 8 .5 3 5 3 1 2 8 1 2 1 2 4 1 4 1 3 3 0 4 1 2 3
M Q -8/24 3 1 2 0 951 3 5 8 2 3 1 2 7 1 1 2 4 1 1 N A 4 1 2 3
M Q -8/25 3 1 4 0 957 .1 4 3 1 8 2 7 1 2 4 1 1 N A 3 1 2 3
M Q -8/26 3 1 6 0 9 6 3 .2 4 3 2 1 8 2 1 4 1 2 4 1 1 N A 1 4 1 2 4
M Q -8/27 3 1 8 0 9 6 9 .3 4 3 2 8 6 3 7 2 1 1 2 3 1 1 N A 4 3 2 3 3
M Q -8/28 3 2 0 0 9 7 5 .4 4 2 1 8 2 1 7 3 1 2 3 1 1 N A 4 3 1 2 3
M Q -8/29 3 2 2 0 9 8 1 .5 4 2 1 4 6 2 1 7 1 2 3 1 1 3 N A 4 3 2 1 3
M Q -8/30 3 2 6 0 9 9 3 .6 4 2 8 5 6 2 1 7 1 2 3 1 1 3 N A 4 3 1 2 1
M Q -8/31 3 2 8 0 9 9 9 .7 4 2 1 4 6 2 2 1 1 2 3 1 1 3 N A 4 3 2 1
M Q -8/32 3 3 0 0 1005 .8 4 2 1 3 2 1 7 3 1 2 3 1 1 N A 4 3 2 1
M Q -8/33 3 3 2 0 1011 .9 4 3 2 8 6 2 1 3 3 1 2 3 1 2 1 N A 4 3 2 1
M Q -8/34 3 3 4 0 1018 4 2 1 8 6 1 2 2 1 3 1 2 3 1 2 1 N A 4 3 2 1






GR = gamma ray (API)
Vsh = volume of shale (fraction)
0 -Nreading = reading neutron porosity from CNL (%) 
Rho-b = matrix density (g/cc), read from FDC log 
0 -ND = porosity derived from neutron-density log (%) 
0 -lab = measured porosity from core laboratory (%) 
c/c = conventional core sample 
swc = sidewall core sample.
M H -1  w e ll (c /c)
Depth, feet metres OR, API Vsh, fraction jff-N reading, 95 Rho-b, g/cc fif-N corr., % J0T - Lab., %
1 2230' 679.7 31 0.131 35 2.25 25.9 6.3
2 2235 6812 31 0.131 32 2.38 21.6 18.7
3 2236 681.5 26 0.079 31 2.38 22.8 22.2
4 2242 683.7 22 0.042 30 2.33 24.7 24.1
5 2245 684.3 18 0.008 29 2.06 33.4 12.8
6 2247 684.9 19 0.016 39 2.10 36.7 18.2
7 2250 685.8 23 0.051 38 2.14 33.6 12.3
8 2252 686.4 22 0.042 33 2.10 29.7 31.1
9 2255 687.3 22 0.042 33 2.16 30.8 24.0
10 2256 687.6 20 0.025 37 2.17 33.3 25.9
11 2257 687.9 20 0.025 40 2.12 36.3 342
12 2258 688.2 22 0.042 40 2.17 34.3 30.0
13 2259 688.5 22 0.042 37 2.17 32.6 28.7
14 2260 688.8 20 0.025 39 2.16 34.7 29.3
15 2261 6892 20 0.025 39 2.08 36.9 322
16 2262 689.5 22 0.042 36 2.20 31.3 302
MH-1 well (swc)
Depth, feet metres Gr, API Vsh, fraction jff-N reading, % Rho-b, g/cc J6f-ND, % Of- Lab., S3
1 2204 671.8 24 0.060 27 2.18 25.3 262
2 2208 673.0 24 0.060 37 2.07 34.6 20.5
3 2212 674.2 22 0.042 36 2.18 31.8 22.8
4 2216 675.4 23 0.051 36 2.18 34.5 29.0
5 2220 676.7 20 0.025 35 2.27 34.3 30.1
6 2224 677.9 27 0.089 36 2.32 33.4 272
7 2234 680.9 32 0.142 33 2.37 28.9 23.3
8 2248 6852 20 0.025 39 2.13 35.5 242
9 2262 689.5 22 0.042 36 2.20 34.8 24.7
10 2302 701.6 23 0.051 26 2.43 24.5 23.6
11 2306 702.9 24 0.060 28 2.34 26.3 20.5
12 2462 750.4 24 0.060 33 2.36 31.3 25.5
13 2472 753.5 20 0.051 36 225 29.7 21.9
M X C -3  w e ll (c /c)
Depth, feet metres OR, API Vsh, fraction #-N reading, 95 Rho-b, g/cc J0f-ND,95 j@r-Lab,95
1 3517 1072.0 25 0.000 26 2.4 23.7 . 5.1
2 3521 1073.2 60 0.366 47 1.8 35.0 11.1
3 3523 1073.8 60 0.366 46 2.0 31.0 11.3
4 3529 1075.6 35 0.078 27 2.4 19.6 22.8
5 3537 1078.1 33 0.061 35 2.3 28.8 31.5
6 3538 1078.4 32 0.053 36 2.2 29.9 32.6
7 3839 1170.1 30 0.370 34 2.3 28.8 31.7
8 3540 1079.0 28 0.022 31 2.3 27.2 32.6
9 3542 1079.6 28 0.022 30 2.2 29.1 21.2
10 3543 1079.9 30 0.037 27 2.2 26.8 18.3
11 3544 10802 30 0.037 28 2.2 27.5 20.9
12 3546 1080.8 30 0.037 30 2.3 26.6 21.8
13 3547 1081.1 33 0.061 31 2.3 26.0 30.4
14 3548 1081.4 37 0.096 30 2.3 24.2 25.2
15 3549 1081.7 39 0.115 32 2.2 25.4 28.3
16 3550 1082.0 37 0.096 32 2.3 25.9 28.4
17 3551 1082.3 33 0.061 34 2.3 27.8 29.0
18 3552 1082.6 35 0.078 30 2.3 25.1 27.5
19 3557 10842 33 0.061 23 2.3 22.1 13.5
20 3563 1086.0 33 0.061 21 2.2 24.2 27.1
21 3564 1086.3 33 0.061 20 2.2 23.8 16.5
22 3565 1086.6 33 0.061 19 2.2 23.4 21.1
23 3566 1086.9 33 0.061 18 2.2 22.3 13.1
24 3567 1087.2 33 0.061 18 2.2 22.3 23.0
25 3568 1087.5 33 0.061 21 2.2 23.5 20.2
26 3569 1087.8 33 0.061 21 - 2.2 23.8 22.0
MQ-2 well (swc)
D e p t h , f e e t m e t r e s G R ,  A P I V s h ,  f r a o t i o n j0 f-N  r e a d i n g ,  95 R h o - b ,  g  / o o t f - N D ,  95 a -  L a b . ,  95
1 3018 919.9 28 0.128 21 2.44 13.7 19.7
2 3022 921.1 27 0.117 22 2.37 16.3 19.6
3 3026 922.3 24 0.084 27 2.37 20.5 22.3
4 3030 923.5 28 0.128 28 2.27 21.8 20.8
5 3034 924.8 31 0.164 25 2.34 16.9 17.4
6 3038 926.0 30 0.151 27 2.47 16.3 22.7
7 3042 9272 33 0.189 32 2.37 19.8 25.7
8 3046 928.4 23 0.074 25 2.42 18.6 14.5
9 3059 932.4 30 0.152 28 2.25 21.3 24.4
10 3063 933.6 40 0.290 33 2.20 20.0 29.6
11 3074 937.0 31 0.164 30 2.22 22.7 24.9
12 3079 938.5 33 0.189 25 2.24 18.5 24.9
13 3082 922.9 28 0.128 30 2.27 22.9 22.6
14 3087 940.9 25 0.095 21 2.31 18.3 17.1
15 3091 942.1 24 0.084 25 2.30 21.1 20.4
16 3095 946.4 24 0.084 26 2.28 22.2 17.2
17 3106 946.7 39 0.274 32 2.31 17.8 24.2
18 3110 947.9 30 0.151 27 2.37 18.0 24.7
19 3115 949.5 38 0.259 30 2.40 15.8 26.8
20 3120 951.0 25 0.095 30 2.33 22.7 22.8
21 3131 954.3 16 0.008 28 2.24 27.4 24.3
22 3140 957.0 24 0.084 27 2.33 21.4 24.8
23 3163 964.1 21 0.054 28 2.29 24.2 22.4
24 3246 989.4 27 0.117 18 2.38 13.9 20.1
25 3343 1019.0 32 0.177 33 2.24 23.4 22.3






















































M Q -2 w e ll (c/c)
metres GR, API Vsh, fraction J0T-N reading, % Rho-b, g/cc J 0 f - M > ,9 5
931.2 27 0.117 33 2.15 28.1
931.8 30 0.152 38 2.06 31.8
932.4 31 0.164 28 223 21.4
933.3 36 0230 30 2.17 21.4
937.9 30 0.152 29 225 21.9
942.1 22 0.064 25 2.30 21.9
942.7 26 0.105 25 2.30 20.3
943.4 26 0.105 26 2.30 20.8
943.7 27 0.117 22 2.30 182
944.6 30 0.152 19 2.37 13.3
945.2 41 0.306 19 2.40 6.8
945.8 39 0274 25 2.30 19.8
947.0 38 0259 34 2.30 19.8
947.6 31 0.164 27 2.43 16.5
948.2 32 0.177 24 2.40 14.6
948.8 37 0254 23 2.42 112
949.5 37 0254 30 2.40 162
950.4 27 0.117 30 2.30 22.6
MB-2 well (swc)
metres Gr, API Vsh, fraction B-H reading, % Rho-b, g/cc J 0 r-N  corr., %
1015.6 33.0 0.130 36 2.00 34.0
1019.3 36.0 0.158 22 2.38 15.1
1020.5 33.0 0.130 25 2.28 20.3
1021.7 41.0 0208 24 2.42 13.9
1022.6 45.0 0251 24 2.42 12.6
1023.2 43.0 0229 25 2.43 13.8
1024.1 40.0 0.197 24 2.46 13.7
1025.0 42.0 0218 24 2.41 13.8
1026.3 40.0 0.197 28 2.28 19.6
1027.5 41.0 0208 26 2.28 18.1
1032.1 19.0 0.020 26 2.25 25.4
1032.7 18.0 0.013 32 2.28 28.3
1034.5 25.0 0.063 27 2.23 25.2
1035.4 22.0 0.041 28 2.18 28.0
1036.6 34.0 0.138 21 2.40 14.7
10372 36.0 0.158 21 2.45 13.0
1037.8 32.0 0.121 23 2.37 17.2
1038.8 32.0 0.121 22 2.34 17.4
1039.4 29.0 0.095 14 2.48 10.3
1040.3 23.0 0.048 18 2.40 16.3
1040.9 22.0 0.041 22 2.26 22.7
1041.5 22.0 0.041 24 2.25 24.0
10442 40.0 0.197 17 2.53 8  2
1044.9 40.0 0.197 25 2.30 17.4
1045.5 32.0 0.121 20 2.40 14.8
1047.9 24.0 0.056 20 2.37 17.9
1049.4 29.0 0.095 16 2.47 11.7
iG O T . e 30.0 0.104 18 2.50 11.9
1051.6 40.0 0.197 20 2.43 11.5
1052.5 34.0 0.140 18 2.40 13.0
1060.4 16.0 0.000 18 2.43 17 2
1063.8 21.0 0.034 18 2.43 16.0
1076.6 28.0 0.087 21 2.38 17.0
1082.6 30.0 0.104 23 2.27 10.6

































M Q -3 w e ll (swc)
metres OR, API Vsh, fraction fif-N reading,^ Rho-b, g/cc j0r-ND,95
895.5 40 0274 35 2.45 18.7
896.4 30 0.153 34 2.46 21.1
8982 31 0.164 32 2.47 19.3
899.8 31 0.164 28 2.50 16.3
901.6 27 0.121 32 2.44 21.0
902.8 29 0.142 31 2.38 20.5
905.3 32 0.175 34 2.34 21.9
907.1 32 0.175 35 2.39 21.8
908.3 44 0.330 38 2.41 19.6
909.8 28 0.132 34 2.34 23.4
912.0 25 0.102 41 2.17 32.4
9132 25 0.102 40 2.16 32.1
914.4 23 0.083 39 2.18 31.8
915.9 30 0.153 43 2.12 32.7
917.8 30 0.153 40 2.23 28.5
919.3 22 0.074 42 2.16 34.4
920.8 17 0.031 42 2.14 36.6
922.3 20 0.056 37 2.14 32.8
925.1 30 0.153 31 2.42 19.5
927.8 33 0.186 33 2.47 19.4
930.9 39 0260 29 2.50 14.8
933.3 40 0273 27 2.40 132!
9382 32 0.175 34 2.35 21.7
939.4 29 0.142 33 2.38 21.8
940.6 44 0.330 27 2.36 11.9
942.4 45 0.345 33 2.37 15.7
946.1 30 0.153 27 2.35 18.1
950.1 30 0.153 36 2.39 23.2
954.9 36 0222 27 2.46 14.3
957.1 33 0.186 30 2.37 18.4
958.3 33 0.186 32 2.37 19.7
965.9 39 0260 36 2.37 20.1
974.4 40 0274 35 2.22 21.0
980.2 29 0.142 24 2.43 15.1
982.7 28 0.132 32 2.33 22.4












































M Q -5 w e ll (c/c)
métrés GR, API Vsh, fraction #-N reading, % Rho-b, g/cc J0f-ND,95
918.1 30 0.090 21 2.30 19.1
918.4 32 0.109 20 2.52 12.7
918.7 34 0.129 21 2.47 13.5
919.0 31 0.100 22 2.46 15.3
919.3 35 0.139 18 2.54 10.3
919.6 49 0.309 18 2.55 8.1
919.9 53 0.368 30 2.40 14.3
920.2 55 0.399 33 2.25 16.6
920.8 40 0.194 39 2.07 31.0
921.1 23 0.030 24 2.29 23.1
921.4 27 0.064 21 2.40 17.3
922.0 28 0.072 34 2.26 27.8
922.3 28 0.072 29 2.23 25.8
922.6 27 0.064 25 2.25 23.5
MQ-5 well (swc)
métrés GR, API Vsh, fraction #-N reading, % Rho-b, g/cc J 0 r -N D ,$ 5
907.4 27 0.064 24 2.28 17.5
910.1 28 0.072 31 2.32 22.1
912.0 31 0.100 28 2.2? 22.9
914.7 31 0.100 30 2.24 23.1
922.0 28 0.072 33 228 27.0
923.8 23 0.030 27 2.14 24.9
924.8 20 0.007 35 2.17 33.9
926.6 28 0.072 32 2.24 272
928.1 20 0.007 33 221 30.9
929.3 23 0.030 31 223 28.4
931.8 30 0.090 32 2.35 24.0
932.4 35 0.139 33 2.33 23.4
933.6 30 0.090 24 2.47 16.7
935.1 31 0.100 34 2.38 24.4
937.0 34 0.129 30 2.39 20.7
941 2 30 0.090 26 2.36 202
945.8 22 0.023 23 2.29 22.9
949.5 27 0.064 24 2.35 20.2
951.0 39 0.182 33 2.18 25.2
954.0 31 0.100 35 2.07 32.4
956.8 26 0.055 30 2.21 27.5
967.7 57 0.431 30 2.28 13.4
969.9 35 0.139 27 2.30 20.4
972.6 60 0.483 38 2.15 18.8
974.4 33 0.119 33 2.22 26.5
975.4 30 0.090 30 2.31 23.7
978.4 35 0.139 31 2.18 25.7
999.4 29 0.081 32 228 25.9


































M Q -8 w e ll (c/c)
metres Gr, API Vsh, fraction J0f-N reading., 95 Rho-b, g/cc ;0r-ND,95
929.6 33 0.171 25 2.40 16.0
9302 35 0.198 26 2.39 16.0
935.1 30 0.134 28 2.23 22.9
935.7 30 0.134 28 2.36 19.8
936.0 28 0.110 28 2.37 20.4
936.3 29 0.122 27 2.42 18.5
937.0 41 0288 27 2.43 13.7
937.6 43 0.321 26 2.37 12.6
9382 50 0.452 30 2.35 12.7
938.8 45 0.356 28 2.40 13.1
939.4 29 0.122 23 2.37 17.0
940.0 23 0.056 22 2.44 17.2
940.6 29 0.122 25 2.36 18.4
MQ- 8  well (swc)
metres GR, API Vsh, fraction J0f-N reading, 95 Rho-b, g/oo jer-ND,9S
928.1 40 0.272 24 2.50 11.9
929.3 35 0.198 25 2.50 15.8
930.2 35 0.198 26 2.39 15.9
933.0 28 0.110 20 2.47 13.5
933.9 33 0.171 23 2.39 14.9
934.8 30 0.134 27 2.41 18.2
936.0 28 0.110 28 2.37 20.4
937.3 43 0.321 27 2.43 13.0939.1 35 0.198 25 2.44 14.5
940.0 23 0.056 22 2.44 17.2940.9 29 0.122 25 2.39 17.8
942.1 30 0.134 23 2.41 15.7944.9 27 0.099 22 2.28 19.8946.1 20 0.027 27 2.33 23.7948.5 24 0.066 30 2.19 27.7954.6 31 0.146 27 2.31 20.0957.4 29 0.122 15 2.40 11.9961.0 39 0257 27 2.37 15.1966.2 35 0.198 25 2.38 15.4
M W -1 w e ll (swc)
Depth, feet metres OR, API Vsh, fraction J 0 T -N  reading, 9 5 Rho-b,S5 J0r-ND,S5 jH.ab.S3
1 0 753.8 28 0.082 39 2.10 34.3 332
2 2481 756.2 20 0.008 18 2.30 20.9 24.9
3 2484 757.1 22 0.025 20 2.43 17.4 20.1
4 2489 758.6 22 0.025 18 2.42 16.5 19.9
5 2494 760.2 20 0.008 32 223 29.8 31.0
6 2500 762.0 22 0.025 28 2.12 30.5 252
? 2503 762.9 22 0.025 30 226 27.3 28.7
8 2507 764.1 33 0.137 29 2.32 21.1 19.3
9 2513 766.0 20 0.008 23 227 24.1 18.4
10 2517 767.2 24 0.043 25 2.30 22.9 19.8
11 2526 769.9 25 0.053 28 2.31 23.9 192
12 2532 771.8 24 0.043 25 2.32 22.3 24.9
13 2538 773.6 27 0.072 24 228 21.8 19.4
14 2543 775.1 23 0.034 32 226 28.0 20.6
15 2548 776.6 27 0.072 27 227 23.7 222
16 2560 780.3 32 0.125 30 2.30 22.6 27.6
17 2565 781.8 50 0.381 34 220 18.3 25.6
18 2570 783.3 40 0.225 33 223 22.4 24.5
19 2573 784.3 43 0.268 33 2.16 22.6 24.4
20 2582 787.0 28 0.082 25 2.33 20.6 20.6
21 2588 788.8 30 0.103 21 2.33 17.7 162
22 2600 792.5 31 0.114 25 2.34 192 19.8
23 2610 795.5 45 0.298 32 2.32 17.6 17.4
24 2626 800.4 42 0.253 27 2.35 15.3 23.6
25 2636 803.5 39 0211 22 2.38 13.0 22.5
26 2646 806.5 34 0.148 25 226 20.0 27.0
27 2652 808.3 32 0.125 30 226 23.6 23.1
28 2686 818.7 40 0225 24 2.30 15.6 20.3
29 2701 823.3 43 0268 27 2.32 15.5 212
30 2713 826.9 31 0.114 28 227 22.6 24.8
31 2727 831.2 25 0.053 32 222 28.4 25.3
32 2754 839.4 25 0.053 33 223 28.7 28.9
33 2771 844.3 25 0.053 33 226 27.9 212
M O -1 w e ll (sw c)
Depth, feet metres OR, API V s h ,  fraction J0T-N  reading, % Rho-b,95 j0 T - N D ,9 5 jer-Lab,95
1 2515 766.6 32 0.137 18 2.47 10.9 22.1
2 2518 767.5 29 0.107 24 2.38 17.5 19.1
3 2525 769.6 23 0.054 33 2.27 27.4 22.3
4 2540 774.2 30 0.117 31 2.00 31.7 21.2
5 2554 778.5 24 0.062 28 2.28 24.1 22.3
6 2561 780.6 27 0.089 33 2.27 26.1 31.5
7 2570 783.3 42 0.250 31 2.30 18.1 30.9
8 2580 786.4 21 0.038 33 2.22 29.4 26.7
9 2892 881.5 33 0.147 30 2.42 19.1 24.9
10 2605 794.0 41 0.237 30 2.30 18.0 21.9
11 2611 795.8 27 0.089 35 2.18 29.4 22.1
12 2625 800.1 37 0.190 20 2.46 10.5 18.8
13 2632 802.2 37 0.190 30 2.26 20.6 24.5
14 2638 804.1 38 0.201 34 2.35 21.0 21.8
15 2656 809.5 41 0.237 30 2.30 18.0 20.8
16 2682 817.5 30 0.117 33 2.20 26.7 23.3
MY-1 well (c/c)
Depth,feet metres GR, API Vsh, fraction J0f-N reading, % Rho-b, g/cc g-m,% tf-Lab/
1 2745 836.7 29 0.112 29 2.3 222 18.8
2 2748 837.6 31 0.134 28 2.4 21.5 15.8
3 2750 838.2 28 0.101 31 2.3 23.7 18.0
4 2767 843.4 20 0.025 33 22 29.6 15.6
5 2769 844.0 22 0.043 32 2.5 23.5 20.4
6 2777 846.4 24 0.061 32 2.3 25.9 17.07 2779 847.0 22 0.043 32 2.3 26.8 27.7
8 2782 848.0 24 0.061 34 2.3 27.8 16.69 2787 849.5 24 0.061 30 2.3 23.0 14.0
10 2789 850.1 33 0.157 22 2.4 13.2 23.611 2791 850.7 43 0.291 27 2.4 12.4 12.912 2793 851.3 37 0207 21 2.5 10.3 9.313 2795 851.9 40 0247 21 2.4 10.2 10214 2797 852.5 57 0.543 39 22 15.2 7.315 2799 853.1 53 0.462 39 2.3 16.9 17.216 2801 853.7 30 0.123 22 2.4 14.9 9.717 2803 854.4 30 0.123 24 2.4 15.9 11.418 2807 855.6 23 0.052 22 2.4 18.1 17.2
APPENDIX 3
POROSITY AND PERMEABILITY DATA 
(LABORATORY MEASUREMENT)
List of abbreviation:





































M H -1  w e ll (c /c )














































































































Depth , ft Depth;m K , md Porosity;
2938 895.5 28.8 25.0
2970 905.3 29.4 8.6
2992 912.0 34.3 93.0
2996 913.2 36.4 31.0
3000 914.4 33.9 49.0
3005 915.9 27.6 11.0
3011 917.8 33.7 23.0
3016 919.3 29.6 16.0
3021 920.8 32.3 28.0
3026 922.3 36.2 52.0
3044 927.8 24.5 2.6
3086 940.6 24.4 84.0
3216 980.2 20.4 93.0
M Q -5  w e ll (c/c)
Depth, ft Depth, m Porosity, % k, rnd
1 2970 905.3 6.7 0.10
2 31309 917.1 6.9 0.10
3 3010 917.4 11.3 020
4 3011 917.7 6.9 0.10
5 3012 918.0 8.5 0.19
6 3013 918.3 7.7 0.40
7 3014 918.6 16.4 1.60
8 3015 918.9 3.8 0.10
9 3016 91922 5.8 0.10
10 3017 919.5 15.6 0.30
1Î 3018 919.8 21.8 120
12 3019 9202 24.5 220
13 3020 920.5 18.9 0.60
14 3021 920.8 23.5 6.60
15 3022 •921.1 17.5 2.50
18 3023 921.4 3.5 0.10
17 3024 921.7 27.1 258.00
18 3025 922.0 11.4 0.10
19 3026 922.3 242 0.50
MQ- 8  well (c/c)
Depth, ft Depth, m Porosity, % k, nrvi
1 3049 929.3 10.7 20.00
'- i 3050 929.6 16.6 0.82
3 3051 929.9 15.3 25.00
4 3052 9302 11.6 27.00
CJ 3067 934.8 6.4 0.10
6 3068 935.1 15.8 0.10
7 3069 935.4 15.2 0.50
o 3070 935.7 13.8 0.30
9 3071 936.0 16.9 4.98
10 3072 936.3 17.7 0.46
11 3073 936.6 6.4 0.90
12 3074 936.9 3.8 0.02
13 3075 9372 11.1 2.30
14 3076 937.5 7.1 3.30
15 3077 937.8 9.1 3.50
16 3078 938.1 9.0 3.50
4
{ J 3079 938.4 5.8 1.64H
18 3080 938.7 5.6 15.00
19 3081 939.0 11.5 0.20
20 3082 939.3 8.2 0.10
21 3086 940.6 7.6 0.10
MQ Field (c/c)
Depth,feet metres Porosity. % k, md
1 3055 931.2 13.8 3.44
2 3057 931.8 21.0 129.00
3 3060 932.7 16.7 233.00
4 3062 933.3 19.5 59.00
5 3077 937.9 33.7 224.00
6 3091 942.1 24.9 21.00
l' 3093 942.7 11.9 0.53
8 3095 943.4 17.9 236.00
9 3097 *944.0 31.1 215.00
10 3099 944.6 21.0 98.00
11 3101 9452 12.2 61.00
12 3104 946.1 12.8 86.00
13 3107 947.0 1S2 2.29
14 3109 947.6 10.9 73.00
15 3111 948.2 13.0 0.13
16 3113 948.8 10.0 83.00
1? 3115 949.5 12.8 266.00
18 3117 950.1 19.9 124.00
19 3118 950.4 26.1 4.80
20 2370 905.3 6.7 0.10
21 3009 917.1 6.9 0.10
22 3010 917.4 11.3 0.20
23 3011 917.7 6.9 0.10
24 3012 918.0 8.5 0.19
25 3013 918.3 1 ~tI . 1 0.40
2 6 3014 918.6 16.4 1.60
-■v?
X. I 3015 918.9 3.8 0.10
28 3016 919.2 5.8 0.10
29 3017 919.5 15.6 0.30
30 3018 919.8 21.8 12'0
31 3019 9202 24.5 2.20
32 3020 920.5 18.9 0.60
33 3021 920.8 23.5 6.60
34 3022 921.1 17.5 2.50
35 3023 921.4 3.5 0.10
36 3024 921.7 27.1 258.00
37 3025 922.0 11.4 0.10
38 3026 922.3 24.2 0.50
39 3049 929.3 10.7 20.00
40 3050 929.6 16.6 0.82
41 3051 929.9 15.3 25.00
42 3052 930.2 11.6 27.00
43 3067 934.8 6.4 0.10
44 3068 935.1 15.8 0.10
45 3069 935.4 15.2 0.50
46 3070 935.7 13.8 0.30
47 3071 936.0 16.9 4.98
48 3072 936.3 17.7 0.46
49 3073 936.6 6.4 0.90
50 3074 936.9 3.8 0.02
51 3075 9 ^ 11.1 2.30
52 3076 937.5 7.1 3.30
53 3077 937 ft 9.1 3.50
54 3078 938.1 9.0 3.50
55 3079 938.4 rr r* 1.60
56 3080 938.7 5.6 15.00
CT”? 
w* 1 3081 939.0 11.5 0.20
58 3082 939.3 n 0.10
59 3086 940.6 7.6 0.10
M B -2  w e ll (sw c)
Depth, ft Depth, ni Porosity, % k, md
1 3344 1019.3 26.6 24.0
2 3348 1020.5 19.1 29.0
3 3352 1021.7 15.9 19.0
4 3355 1022.6 20.4 0.3
5 3360 1024.1 23.0 47.0
6 3363 1025.0 20.8 33.0
7 3371 1027.5 17.6 37.0
8 3374 1028.4 12.8 3.2
9 3394 1034.5 34.2 25.0
10 3401 1036.6 24.1 8.9
11 3413 1040.3 21.4 31.0
12 3415 1040.9 22.9 475.0
13 3417 1041.5 21.0 452.0
14 3424 1043.6 19.8 240.0
15 3426 1044.2 18.7 26.0
16 3434 1046.7 11.8 140.0
17 3438 1047.9 25.1 9.7
18 344? 1050.6 21.0 1.4
19 3450 1051.6 20.0 2.2
20 3453 1052.5 17.2 1.3
21 3475 1059.2 21.2 11.0
22 3490 1063.8 25.2 43.0
23 350? 1068.9 20.7 65.0
24 3532 1076.6 21.3 207.0
MY-1 well (swc)
Depth, feet Depth,m Porosity, % k, md
1 2736 834 25 0.3
2 2738 835 26 41.0
3 2744 836 25 19.0
4 2748 838 22 1.5
5 2752 839 20 9.0
6 2756 840 23 10.0
7 2760 841 25 11.0
8 2772 845 30 0.6
9 2778 847 26 6.9
10 2782 848 31 12.0
11 2784 849 27 1.8
12 2788 850 25 0.8
13 2816 858 24 0.6
14 2854 870 29 6.7
15 2884 879 2? 30.0
16 2910 887 25 1.9
17 2958 902 27 2.7
M X C -3  w e ll (c /c)
Depth, ft Depth. rn Porosity, % kj, md
1 3517 1072.0 5.1 0.1■nr 3521 1073.2 11.1 62.0
if 3523 1073.8 11.3 0.4
4 3529 1075.6 22.8 14.0
c 3538 1078.4 32.6 21.0
6 3539 1078.7 31.7 96.0
■7} 3540 1079.0 32.6 85.0
8 3542 1079.6 2 1 2 107.0
Q 3543 1079.9 18.3 7.8
10 3544 1080.2 20.9 137.0
11 3545 1080.5 14.8 70.0
12 3546 1080.8 21.0 211.0
1 7 1 3547 1081.1 30.4 55.0
14 3548 1081.4 25.2 47.0
4 tri-J 3557 1084.2 13.5 174.0
16 3564 1086.3 16.5 1.7
1 *7 3565 1086.6 21.1 103.0
18 3566 1086.9 13.1 22.0
19 3567 1087.2 23.0 1032.0
20 3568 1087.5 20.2 258.0
4Z 1 3569 1087.8 22.0 592.0
MY-1 well (c/c)
Ovptht ft O v p t h . m Porosity t 95 k / md
1 2745 C>~ZC. 18.8 26.00
z 2748 837.6 15.8 21.00
~z 2750 070 O.i. 18.0 69.00
4 2765 o4j:.8 7.6 0.68
cr 2777 846.4 17.0 1.33
t* 2779 847.0 27.7 8.81
11 jL I 848.0 16.6 10.00
8 2784 848.6 9.3 12.00
9 ¿IU! 849.5 14.0 238.00
10 2789 850.1 23.6 21.00
11 2791 850.7 12.9 43.00
12 2793 851.3 9.3 316.00
13 2795 851.9 10.2 51.00
14 2797 r«cr ^  cr O J Z  ,.J 7.3 0.29
15 2799 853.1 172 236.00
16 28U 1 853.7 9.7 21.00
4 *7 1 I 2803 854.4 11.4 74.00
APPENDIX 4
INJECTION-WITHDRAWAL 
MERCURY CAPILLARY PRESSURE 
MEASUREMENT DATA
List of abbreviation:
Ri = pore throat radius (microns)
Hg Inject. = volume of mercury to be injected (cm3)
Increm. Hg = incremental mercury saturation
Hg Sat. = mercury saturation during injection cycle (%PV)
Vol. Hg out = volume of mercury to be withdrawn (cm3)
Hg Inplace = volume of mercury remaining in the samples (cm3) 
Hg Inp. = as above, but in % pore volume (%PV)
Swi = irreducible water saturation = (100 - Hg inplace), %PV 
p y  = pore volume (cm3).
Pressure, psi Ri, microns Hg Inject., co Increm. Hg, oc Increm. Hg,
1 0 0.000 0.000 0.0
2 3 35.540 0.002 0.002 0.5
3 6 17.770 0.003 0.001 0.3
4 9 11.850 0.005 0.002 0.5
5 12 8.890 0.008 0.003 0.8
6 15 7.110 0.012 0.004 1.1
7 24 4.440 0.018 0.006 1 .6
8 30 3.550 0.026 0.008 2.2
9 35 3.050 0.031 0.005 1 .4
10 40 2.670 0.037 0.006 1 .6
11 60 1 .780 0.049 0.012 3.2
12 80 1 .330 0.058 0.009 2.4
13 100 1 .070 0.068 0.010 2.7
14 200 0.530 0.097 0.029 7.8
15 300 0.360 0.118 0.021 5.7
16 500 0.210 0.150 0.032 8.6
17 750 0.140 0.188 0.038 10.3
18 1000 0.110 0.224 0.036 9.7
19 1250 0.085 0.258 0.034 9.2
20 1500 0.071 0.292 0.034 9.2
MH-1/7
:*t., 95PV Vol. Hg out, co Hg Inpl-ace, oo Hg lnp.,$SPV Svi, 95PV
0.0 0.190 0.102 28 72
0.5 0.164 0.128 35 65
0.8 0.135 0.157 42 58
1.4 0.114 0.178 48 52
2.2 0.097 0.195 53 47
3.2 0.084 0.208 56 44
4.9 0.063 0.229 62 38
7.0 0.054 0.238 64 36
8.4 0.049 0.243 66 34
10.0 0.044 0.248 67 33
13.2 0.034 0.258 70 30
15.7 0.029 0.263 71 29
18.4 0.024 0.268 72 28
26.2 0.015 0.277 75 25
31.9 0.010 0.282 76 24
40.5 0.005 0.287 78 22
50.8 0.003 0.289 78 22
60.5 0.002 0.290 78 22
69.7 0.000 0.292 79 21
78.9 0.292 79 21
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Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, oc Increm. Hg,
1 0 0.000 0.000 0.0
2 3 35.540 0.003 0.003 0.2
3 6 17.770 0.008 0.005 0.4
4 9 11.850 0.015 0.007 0.5
5 12 8.890 0.020 0.005 0.4
6 15 7.110 0.025 0.005 0.4
7 24 4.440 0.043 0.018 1.3
8 30 3.550 0.058 0.015 1.1
9 35 3.050 0.068 0.010 0.7
10 40 2.670 0.080 0.012 0.8
11 60 1.780 0.120 0.040 2.8
12 80 1.330 0.202 0.082 5.8
13 100 1.070 0.280 0.078 5.5
14 200 0.530 0.510 0.230 16.2
15 300 0.360 0.635 0.125 8.8
16 500 0.210 0.820 0.185 13.0
17 750 0.140 0.990 0.170 12.0
18 1000 0.110 1.090 0.100 7.0
19 1250 0.085 1.130 0.040 2.8
20 1500 0.071 1.145 0.015 1.1
MH~! /23
¡at., 95PV Vol. Hg out, co Hg Inplace, oc Hg mp., %PV Svi, 95PV
0.0 0.767 0.378 27 73
0.2 0.723 0.422 30 70
0.6 0.667 0.478 34 66
1 .1 0.625 0.520 37 63
1.4 0.587 0.558 39 61
1.8 0.557 0.588 41 59
3.0 0.493 0.652 46 54
4.1 0.465 0.680 48 52
4.8 0.445 0.700 49 51
5.6 0.430 0.715 50 50
8.5 0.390 0.755 53 47
14.2 0.360 0.785 55 45
19.7 0.330 0.815 57 43
35.9 0.225 0.920 65 35
44.7 0.150 0.995 70 30
57.7 0.080 1.065 75 25
69.7 0.039 1.106 78 22
76.8 0.013 1.132 80 20
79.6 0.005 1.140 80 20
80.6 1.145 81 19
Pressure, psi Ri, microns Hg Inject., oc Increm. Hg
1 0 0.000 0.000
2 3 35.540 0.010 0.010
3 6 17.770 0.020 0.010
4 9 11.850 0.030 0.010
5 12 8.890 0.040 0.010
6 15 7.110 0.052 0.012
7 24 4.440 0.080 0.028
8 30 3.550 0.155 0.075
9 35 3.050 0.190 0.035
10 40 2.670 0.230 0.040
11 60 1 .780 0.420 0.190
12 80 1 .330 0.600 0.180
13 100 1 .070 0.710 0.110
14 200 0.530 0.980 0.270
15 300 0.360 1.105 0.125
16 500 0.210 1.260 0.155
17 750 0.140 1.405 0.145
18 1000 0.110 1.460 0.055
19 1250 0.085 1 .515 0.055
20 1500 0.071 . 1 .560 0.045
*
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Pressure, psi Ri, microns Hg Injsct., co Increm. Hg, cc Incrern. Hg, 93 Hg Sat., 95PV Vcl. Hg out, co Hg Inplace, co Hg lnp.; 95PV Svi, 93PV
1 0 0.000 0.000 0.0 0.0 0.710 0.832 48 52
2 3 35.540 0.027 0.027 1.6 1.6 0.670 0.872 50 50
3 6 17.770 0.040 0.013 0.8 2.3 0.607 0.935 54 46
4 9 11.850 0.055 0.015 0.9 3.2 0.545 0.997 58 42
5 12 8.890 0.068 0.013 0.8 3.9 0.495 1.047 61 39
6 15 7.110 0.095 0.027 1.6 5.5 0.454 1.088 63 37
7 24 4.440 0.185 0.090 5.2 10.7 0.359 1.183 68 32
8 30 3.550 0.432 0.247 14.3 25.0 0.319 1.223 71 29
9 35 3.050 0.526 0.094 5.4 30.4 0.290 1.252 72 28
10 40 2.670 0.605 0.079 4.6 35.0 0.263 1.279 74 26
11 60 1 .780 0.837 0.232 13.4 48.4 0.205 1.337 77 23
12 80 1.330 0.978 0.141 8.2 56.5 0.172 1.370 79 21
13 100 1 .070 1 .067 0.089 5.1 61.7 0.142 1.400 81 19
14 200 0.530 1 .245 0.178 10.3 72.0 0.077 1.465 85 15
15 300 0.360 1 .314 0.069 4.0 76.0 0.045 1.497 87 13
16 500 0.210 1 .387 0.073 4.2 80.2 0.024 1.518 88 12
17 750 0.140 1 .452 0.065 3.8 83.9 0.012 1.530 88 12
18 1000 0.110 1 .490 0.038 2.2 86.1 0.007 1.535 89 11
19 1250 0.085 1 .522 0.032 1 .8 88.0 0.002 1.540 89 11
20 1500 0.071 1 .542 0.020 1 .2 89.1 1.542 89 11
Pressure, psi Ri, microns Hg Inject., cc Inorem. Hg, cc Increm. Hg,
1 0 0.000 0.000 0.0
2 3 35.540 0.007 0.007 0.2
3 6 17.770 0.025 0.018 0.6
4 9 11.850 0.030 0.005 0.2
5 12 8.890 0.035 0.005 0.2
6 15 7.1 10 0.048 0.013 0.4
7 24 4.440 0.152 0.104 3.5
3 30 3.550 0.245 0.093 3.1
9 35 3.050 0.270 0.025 0.8
10 40 2.670 0.365 0.095 3.2
11 60 1 .780 0.540 0.175 5.8
12 80 1 .330 0.665 0.125 4.2
13 100 1.070 0.772 0.107 3.6
14 200 0.530 1 .100 0.328 10.9
15 300 0.360 1.325 0.225 7.5
16 500 0.210 1.650 0.325 10.8
17 750 0.140 1 .880 0.230 7.7
18 1000 0.110 2.040 0.160 5.3
19 1250 0.085 2.150 0.110 3.7
20 1500 0.071 2.250 0.100 3.3
MQ-2/47
96 Hg Sat., 96PV Vol. Hg out, oo Hg Inplace, oc Hg Inpi., 96PV Svi, 9SPV
0.0 1.135 1.115 37 63
0.2 1.088 1.162 39 61
0.8 1.028 1.222 41 59
1.0 0.970 1.280 43 57
1.2 0.910 1 .340 45 55
t .6 0.848 1.402 47 53
5.1 0.727 1.523 51 49
8.2 0.670 1.580 53 47
9.0 0.630 1.620 54 46
12.2 0.600 1.650 55 45
18.0 0.510 1.740 58 42
22.2 0.460 1.790 60 40
25.7 0.425 1.825 61 39
36.7 0.295 1.955 65 35
44.2 0.220 2.030 68 32
55.0 0.110 2.140 71 29
62.7 0.050 2.200 73 27
68.0 0.020 2.230 74 26
71.7 0.005 2.245 75 25
75.0 2.250 75 25
MQ-2/54
Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, oc Increm. Hg, % Hg Set., ŒPV Vol. Hg out, cc Hg Inplace, oo Hg Inp., 95PV Svi, SSPV
1 0 0.000 0.000 0.0 0.0 0.920 0.700 31 692 3 35.540 0.010 0.010 0.4 0.4 0.830 0.790 35 653 6 17.770 0.015 0.005 0.2 0.7 0.740 0.880 39 614 9 11.850 0.020 0.005 0.2 0.9 0.675 0.945 42 585 12 8.890 0.022 0.002 0.1 1.0 0.620 1.000 44 566 15 7.110 0.025 0.003 0.1 1.1 0.575 1.045 46 54*¡? 24 4.440 0.030 0.005 0.2 1.3 0.480 1.140 51 498 30 3.550 0.040 0.010 0.4 1.8 0.440 1.180 52 489 35 3.050 0.047 0.007 0.3 2.1 0.420 1.200 53 4710 40 2.670 0.055 0.008 0.4 2.4 0.400 1.220 54 4611 60 1 .780 0.100 0.045 2.0 4.4 0.350 1.270 56 4412 80 1.330 0.162 0.062 2.7 7.2 0.320 1.300 58 4213 100 1.070 0.220 0.058 2.6 9.8 0.290 1.330 59 4114 200 0.530 0.570 0.350 15.5 25.3 0.190 1.430 63 3715 300 0.360 0.815 0.245 10.8 36.1 0.140 1.480 66 3416 500 0.210 1.170 0.355 15.7 51.9 0.075 1.545 69
W T
3117 750 0.140 1.380 0.210 9.3 61.2 0.040 1.580 70
V 1
3018 1000 0.110 1.495 0.115 5.1 66.3 0.020 1.600 71
wu
2919 1250 0.085 1.570 0.075 3.3 69.6 0.010 1.610 71
Am J





























































































































¡at., 95PV Vol. Hg out, oc Hg Inpiace, oc Hg Inp., 95PV Svi, 95PV
0 . 0 1 .485 1.075 30.980 69
0.5 1 .438 1.122 32.334 68
0.8 1.396 1.164 33.545 66
1 .0 1.370 1.190 34.294 66
1 .2 1 .348 1.212 34.928 65
1 .3 1.330 1.230 35.447 65
1 .7 1 .275 1.285 37.032 63
1 .8 1 .240 1.320 38.040 62
1 .9 1 .215 1.345 38.761 61
2.0 1.190 1.370 39.481 61
2.3 1.105 1.455 41.931 58
2.6 1 .040 1.520 43.804 56
2.8 0.962 1.598 46.052 54
4.7 0.650 1.910 55.043 45
10.1 0.397 2.163 62.334 38
25.2 0.180 2.380 68.588 31
50.4 0.068 2.492 71.816 28
64.3 0.020 2.540 73.199 27
70.0 0.005 2.555 73.631 26
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Hg Sat., 95PV Vol. Hg out, co Hg Inpiace, co Hg Inp., 93PV Syi, %PV
0.0 2.567 2.153 40 60
0.5 2.435 2.285 42 58
1 .0 2.290 2.430 45 55
1 .8 2.178 2.542 47 53
2.2 2.082 2.638 49 51
2.7 1.980 2.740 51 49
3.6 1.690 3.030 56 44
4.3 1.470 3.250 60 40
4.9 1.340 3.380 62 38
6.3 1.241 3.479 64 36
21.2 1.010 3.710 69 31
32.2 0.852 3.868 71 29
39.3 0.743 3.977 74 26
56.7 0.480 4.240 78 22
64.0 0.340 4.380 81 19
72.6 0.195 4.525 84 16
78.7 0.099 4.621 85 15
82.3 0.040 4.680 87 13
85.2 0.010 4.710 87 13
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Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, cc Increm. Hg,
1 0 0.000 0.000 0.0
2 3 35.540 0.020 0.020 1.5
•J 6 17.770 0.030 0.010 0.7
4 9 11.850 0.036 0.006 0.4
5 12 8.890 0.044 0.008 0.6
6 15 7.110 0.056 0.012 0.9
7 24 4.440 0.108 0.052 3.9
8 30 3.550 0.145 0.037 2.8
9 3.050 0.178 0.033 2.5
10 40 2.670 0.210 0.032 2.4
11 60 1.780 0.328 0.118 8.8
12 80 1 .330 0.420 0.092 6.9
13 100 1.070 0.502 0.082 6.1
14 200 0.530 0.728 0.226 16.9
15 300 0.360 0.813 0.085 6.3
16 500 0.210 0.904 0.091 6.8
17 750 0.140 0.985 0.081 6.0
18 1000 0.110 1.060 0.075 5.6
19 1250 0.085 1.122 0.062 4.6
20 1500 0.071 1.182 0.060 4.5
MQ-8/17
•at., 95PV Vol. Hg outj, co Hg Inplaceoc Hg Inp., ŒPV Svi, 95PV
0.0 0.629 0.553 41 59
1.5 0.578 0.604 45 55
2.2 0.500 0.682 51 49
2.7 0.430 0.752 56 44
3.3 0.368 0.814 61 39
4.2 0.312 0.870 65 35
8.1 0.232 0.950 71 29
10.8 0.199 0.983 73 27
13.3 0.177 1.005 75 25
15.7 0.160 1.022 76 24
24.5 0.110 1.072 80 20
31.3 0.087 1.095 82 18
37.5 0.070 1.112 83 17
54.3 0.037 1.145 85 15
60.7 0.023 1.159 86 14
67.5 0.012 1.170 87 13
73.5 0.004 1.178 88 12
79.1 0.002 1.180 88 12
83.7 0.000 1.182 88 12
































































:at.,95PV Vol. Hg out, co Hg Inplac*, co Hg Inp., 95PV S v i, 93PV
0.0 0.730 0.917 49 51
7.4 0.669 0.978 53 47
8.7 0.610 1.037 56 44
9.8 0.567 1.080 58 42
10.5 0.530 1.117 60 40
11.0 0.499 1.148 62 38
12.5 0.415 1.232 66 34
13.3 0.369 1.278 69 31
13.9 0.342 1.305 70 30
14.3 0.322 1.325 71 29
16.0 0.249 1.398 75 25
17.2 0.207 1.440 77 23
18.3 0.180 1.467 79 21
22.0 0.102 1.545 83 17
25.0 0.062 1.585 85 15
31.2 0.020 1.627 87 13
39.0 0.015 1.632 88 12
49.5 0.010 1.637 88 12
69.8 0.002 1.645 88 12
88.5 1.647 89 11
Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, co Increm. Hg;
1 0 0.000 0.000 0.0
2 3 35.540 0.320 0.320 16.2
3 6 17.770 0.460 0.140 7.1
4 9 11.850 0.530 0.070 3.6
5 12 8.890 0.565 0.035 1.8
6 15 7.110 0.590 0.025 1.3
7 24 4.440 0.620 0.030 1.5
8 30 3.550 0.635 0.015 0.8
9 35 3.050 0.642 0.007 0.4
10 40 2.670 0.650 0.008 0.4
11 60 1 .780 0.670 0.020 1.0
12 80 1 .330 0.680 0.010 0.5
13 100 1.070 0.688 0.008 0.4
14 200 0.530 0.702 0.014 0.7
15 300 0.360 0.722 0.020 1.0
16 500 0.210 0.770 0.048 2.4
17 750 0.140 0.882 0.112 5.7
18 1000 0.110 1.260 0.378 19.2
19 1250 0.085 1.450 0.190 9.6
20 1500 0.071 1 .548 0.098 5.0
MQ-8/25
9B Sat., 95PV Vol. Hg out, co Hg Inplaoe, co Hg Inp., 9SPV Svi, % P V
0.0 0.840 0.708 36 64
16.2 0.788 0.760 39 61
23.4 0.718 0.830 42 58
26.9 0.648 0.900 46 54
28.7 0.563 0.985 50 50
29.9 0.466 1.082 55 45
31.5 0.328 1.220 62 38
32.2 0.293 1.255 64 36
32.6 0.278 1.270 64 36
33.0 0.270 1.278 65 35
34.0 0.266 1.282 65 35
34.5 0.263 1.285 65 35
34.9 0.258 1.290 65 35
35.6 0.213 1.335 68 32
36.6 0.165 1.383 70 30
39.1 0.093 1.455 74 26
44.8 0.046 1.502 76 24
64.0 0.022 1.526 77 23
73.6 0.008 1.540 78 22
78.6 1.548 79 21
MQ-8/27
Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, co Increm. Hg, % Hg Sat., S5PV Voi. Hg out, oc Hg Inpiace, cc Hg Inp., 95PV Svi, 95PV
1 0 0.000 0.000 0.0 0.0 0.168 0.100 23 77
2 3 35.540 0.075 0.075 17.0 17.0 0.146 0.122 28 72
ò 6 17.770 0.100 0.025 5.7 22.7 0.123 0.145 33 67
4 9 11.850 0.112 0.012 2.7 25.5 0.102 0.166 38 62
5 12 8.890 0.125 0.013 3.0 28.4 0.086 0.182 41 59
6 15 7.110 0.133 0.008 1 .8 30.2 0.070 0.198 45 55
7 24 4.440 0.158 0.025 5.7 35.9 0.048 0.220 50 50
8 30 3.550 0.167 0.009 2.0 38.0 0.043 0.225 51 49
9 35 3.050 0.175 0.008 1 .8 39.8 0.041 0.227 52 48
10 40 2.670 0.180 0.005 1 .1 40.9 0.038 0.230 52 48
11 60 1 .780 0.200 0.020 4.5 45.5 0.033 0.235 53 47
12 80 1 .330 0.212 0.012 2.7 48.2 0.030 0.238 54 46
13 100 1 .070 0.220 0.008 1 .8 50.0 0.028 0.240 55 45
14 200 0.530 0.238 0.018 4.1 54.1 0.018 0.250 57 43
15 300 0.360 0.246 0.008 1 .8 55.9 0.016 0.255 58 42
16 500 0.210 0.253 0.007 1 .6 57.5 0.008 0.260 59 41
17 750 0.140 0.260 0.007 1 .6 59.1 0.006 0.264 60 40
18 1000 0.110 0.262 0.002 0.5 59.5 0.003 0.265 60 40
19 1250 0.085 0.266 0.004 0.9 60.5 0.000 0.268 61 39
20 1500 0.071 0.268 0.002 0.5 60.9 0.268 61 39
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Ri, microns Hg Inject., cc Incrern. Hg, cc Inorern. Hg, % Hg Sat., 95PV Voi. Hg out, cc Hg Inplace, oo Hg Inp., 35PV
0.000 0.000 0.0 0.0 1.175 1.465 49
35.540 1 .345 1 .345 44.5 44.5 1 .085 1.555 51
17.770 1 .483 0.138 4.6 49.1 0.955 1.685 56
11.850 1 .580 0.097 3.2 52.3 0.850 1.790 59
8.890 1 .658 0.078 2.6 54.9 0.760 1 .880 62
7.110 1 .725 0.067 2.2 57.1 0.680 1 .960 65
4.440 1 .918 0.193 6.4 63.5 0.490 2.150 71
3.550 1 .998 0.080 2.6 66.2 0.390 2.250 75
3.050 2.045 0.047 1 .6 67.7 0.320 2.320 77
2.670 2.080 0.035 1 .2 68.9 0.275 2.365 78
1 .780 2.180 0.100 3.3 72.2 0.175 2.465 82
1 .330 2.240 0.060 2.0 74.2 0.130 2.510 83
1 .070 2.280 0.040 1 .3 75.5 0.110 2.530 84
0.530 2.360 0.080 2.6 78.1 0.080 2.560 85
0.360 2.405 0.045 1 .5 79.6 0.065 2.575 85
0.210 2.475 0.070 2.3 82.0 0.050 2.590 86
0.140 2.530 0.055 1 .8 83.8 0.030 2.610 86
0.110 2.575 0.045 1 .5 85.3 0.020 2.620 87
0.085 2.610 0.035 1 .2 86.4 0.008 2.632 87
0.071 2.640 0.030 1 .0 87.4 2.640 87
Pressure, psi Ri, microns Hg Inject., co Inorem. Hg, co Increm. Hg,
1 0 0.000 0.000 0.0
2 3 35.540 0.172 0.172 13.8
3 6 17.770 0.312 0.140 11.2
4 9 11.850 0.380 0.068 5.4
5 12 8.890 0.420 0.040 3.2
6 15 7.110 0.445 0.025 2.0
í 24 4.440 0.495 0.050 4.0
8 30 3.550 0.515 0.020 1 .6
9 35 3.050 0.525 0.010 0.8
10 40 2.670 0.545 0.020 1.6
11 60 1 .780 0.565 0.020 1.6
12 80 1 .330 0.590 0.025 2.0
13 100 1 .070 0.607 0.017 1.4
14 200 0.530 0.672 0.065 5.2
15 300 0.360 0.720 0.048 3.8
1 6 500 0.210 0.790 0.070 5.6
17 750 0.140 0.860 0.070 5.6
18 1000 0.110 0.915 0.055 4.4
19 1250 0.085 0.968 0.053 4.2
20 1500 0.071 1 .015 0.047 3.8
MXC-3/6
% Hg Sat., S5PV Vol. Hg out, oo Hg Inpiace, oc Hg Inp., % PV S v i, 9SPV
0.0 0.662 0.353 28 72
13.8 0.577 0.438 35 65
25.0 0.497 0.518 41 59
30.4 0.445 0.570 46 54
33.6 0.405 0.610 49 51
35.6 0.357 0.658 53 47
39.6 0.315 0.700 56 44
41.2 0.290 0.725 58 42
42.0 0.273 0.742 59 41
43.6 0.258 0.757 61 39
45.2 0.215 0.800 64 36
47.2 0.183 0.832 67 33
48.6 0.157 0.858 69 31
53.8 0.093 0.922 74 26
57.6 0.065 0.950 76 24
63.2 0.035 0.980 78 22
68.8 0.017 0.998 80 20
73.2 0.009 1.006 80 20
77.4 0.003 1.012 81 19
81.2 1.015 81 19
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Pressure, psi 
Ri, microns 
Hg Inject., oc 
Increm. Hg, ce Increm. Hg, 95 
Hg Sat., 95PV 
Vol. Hg out, 0
0 Hg Inplace, oc 
Hg Inp., 95PV 
Swi, 95PV
Pressure, psi Ri, microns Hg Inject., oc Inorern. Hg, co Inorern. Hg
1 0 0.000 0.000 0.0
2 7•-* 35.540 0.263 0.263 7.8
3 6 17.770 0.290 0.027 0.8
4 9 11.850 0.308 0.018 0.5
5 12 8.890 0.325 0.017 0.5
6 15 7.110 0.342 0.017 0.5
7 24 4.440 0.382 0.040 1.2
8 30 3.550 0.407 0.025 0.7
9 55 3.050 0.430 0.023 0.7
10 40 2.670 0.450 0.020 0.6
11 60 1.780 0.532 0.082 2.4
12 BO 1.330 0.640 0.011 0.3
13 100 1 .070 0.795 0.155 4.6
14 200 0.530 1.600 0.805 23.7
15 300 0.360 1 .960 0.360 10.6
16 500 0.210 2.305 0.345 10.2
17 750 0.140 2.562 0.257 7.6
18 1000 0.110 2.728 0.166 4.9
19 1250 0.085 2.845 0.117 3.5
20 1500 0.071 2.910 0.065 1 .9
1 /1 03
Hg Sat., 95PV Vol. Hg out, oc Hg Inplace, co Hg Inp., 95PV Svi, 93PV
0.0 1.435 1.475 44 56
7.8 1 .364 1.546 46 54
8.6 1.290 1.620 48 52
9.1 1.240 1.670 49 51
9.6 1.192 1.718 51 49
10.1 1.150 1.760 52 48
11.3 1.028 1.882 56 44
12.0 0.958 1.952 58 42
12.7 0.910 2.000 59 41
13.3 0.865 2.045 60 40
15.7 0.720 2.190 65 35
18.9 0.610 2.300 68 32
23.5 0.530 2.380 70 ôü
47.2 0.292 2.618 77 23
57.8 0.165 2.745 81 19
68.0 0.063 2.847 84 16
75.6 0.025 2.885 85 15
80.5 0.010 2.900 86 14
83.9 0.005 2.905 86 1485.8 2.910 86 14
Pressure, psi Ri, microns Hg Inject., cc Increm. Hg, cc Increm. Hg,
1 0 0.000 0.000 0.0
2 •yO 35.540 0.000 0.000 0.0
3 ó 17.770 0.002 0.002 0.2
4 9 11.850 0.005 0.003 0.3
5 12 8.890 0.009 0.004 0.4
6 15 7.110 0.014 0.005 0.5
7 24 4.440 0.018 0.004 0.4
8 30 3.550 0.020 0.002 0.2
9 35 3.050 0.022 0.002 0.2
10 40 2.670 0.025 0.003 0.3
11 60 1 .780 0.033 0.008 0.8
12 80 1 .330 0.038 0.005 0.5
13 100 1.070 0.041 0.003 0.3
14 200 0.530 0.055 0.014 1.4
15 300 0.360 0.063 0.008 0.8
16 500 0.210 0.082 0.019 1.9
17 750 0.140 0.145 0.063 6.2
18 1000 0.110 0.300 0.155 15.3
19 1250 0.085 0.565 0.265 26.2
20 1500 0.071 0.852 0287 28.4
MXC-3/8
¡at., 9SPV Vol. Hg out, oo Hg Inplace, oc Hg Inp., 9SPV S v i, 93PV
0.0 0.362 0.490 49 51
0.0 0.255 0.597 59 41
0.2 0.200 0.652 65 35
0.5 0.180 0.672 67 33
0.9 0.160 0.692 69 31
1 .4 0.152 0.700 70 30
1 .8 0.138 0.714 71 29
2.0 0.130 0.722 72 28
2.2 0.129 0.723 72 28
2.5 0.125 0.727 72 28
3.3 0.118 0.734 73 27
3.8 0.110 0.742 74 26
4.1 0.105 0.747 74 26
5.5 0.072 0.780 78 22
6.3 0.050 0.802 80 20
8.2 0.032 0.820 82 18
14.4 0.014 0.838 83 17
29.9 0.007 0.845 84 16
56.2 0.002 0.850 85 15
84.8 0.852 85 15
Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, oc Inorem. Hg
1 0 0.000 0.000 0.0
2 3 35.540 0.010 0.010 0.3
3 6 17.770 0.020 0.010 0.3
4 9 11.850 0.025 0.005 0.2
5 12 8.890 0.035 0.010 0.3
6 15 7.110 0.040 0.005 0.2
24 4.440 0.075 0.035 1.1
8 30 3.550 0.100 0.025 0.8
9 35 3.050 0.120 0.020 0.6
10 40 2.670 0.140 0.020 0.6
11 60 1 .780 0.238 0.098 3.1
12 80 1 .330 0.340 0.102 3.2
13 100 1 .070 0.440 0.100 3.1
14 200 0.530 0.920 0.480 15.0
15 300 0.360 1 .340 0.420 13.1
16 500 0.210 1 .840 0.500 15.6
17 750 0.140 2.180 0.340 10.6
18 1000 0.110 2.390 0.210 6.6
19 1250 0.085 2.520 0.130 4.1
20 1500 0.071 2.620 0.100 3.1
1/109
Hg Sat., fcPV Vol. Hg out, oo Hg Inpiace, co Hg lnp.# æPV Svi, 93PV
0.0 1.430 1.190 37 63
0.3 1.380 1.240 39 61
0.6 1.334 1.286 40 60
0.8 1.295 1.325 41 59
1.1 1.260 1.360 42 58
1.2 1.230 1.390 43 57
2.3 1.130 1.490 46 54
3.1 1.067 1.553 48 52
3.7 1.020 1.600 50 50
4.4 0.980 1.640 51 49
7.4 0.855 1.765 55 45
10.6 0.765 1.855 58 42
13.7 0.690 1.930 60 40
28.7 0.453 2.167 68 32
41.8 0.315 2.305 72 28
57.4 0.153 2.467 77 23
68.0 0.070 2.550 80 20
74.6 0.030 2.590 81 19
78.6 0.010 2.610 81 19





























































































































Pressure, psi Ri, microns Hg Inject., oc Increm. Hg, oo Increm. Hg, %
1 0 0.000 0.000 0.0
2 3 35.540 0.024 0.024 0.6•y 6 17.770 0.038 0.014 0.3
4 9 11.850 0.045 0.007 0.2
5 12 8.890 0.055 0.010 0.2
6 15 7.110 0.066 0.01 1 0.3
■ y 24 4.440 0.105 0.039 1 .0
8 30 3.550 0.136 0.031 0.8
9 35 3.050 0.162 0.026 0.6
10 40 2.670 0.212 0.050 1 .2
11 60 1 .780 0.425 0.213 5.2
12 80 1 .330 0.653 0.228 5.6
13 100 1 .070 0.842 0.189 4.7
14 200 0.530 1 .550 0.708 17.4
15 300 0.360 1 .932 0.382 9.4
16 500 0.210 2.355 0.423 10.4
17 750 0.140 2.700 0.345 8.5
18 1000 0.1 10 3.000 0.300 7.4
19 1250 0.085 3.240 0.240 5.9





















Vol. Hg o u t, oo Hg InpU ce, oo Hg Inp,, 95PV
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